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Abstract 
Supersweet corn contains more sugar and less starch 
than traditional sweet corn which increases the sweetness of 
the kernel. Supersweet corn has increased in consumer 
popularity due to its sweeter flavor and ability to retain 
this sweeter flavor longer than traditional sweet corn. Two 
sweet corn (Zea mays L. var. rugosa) endosperm types 
(traditional and shrunken-2) are popular with consumers. 
The problem growers face with supersweet cu.ltivars 
(shrunken-2) is poor seed vigor as shown by low field 
emergence and non-uniform stands. 
Field emergence of plants was compared to laboratory 
germination for 5 sweet corn isoline pairs (genetically 
identical except for 1 allele or modifying allele), i.e. 
C68, Ia5125, Ia453, Il442a and Oh43 with each pair having 2 
endosperm types, shrunken-2 (sh2) and traditional (sul). 
Field studies evaluated plant height, fresh weight, dry 
weight, leaf area and number of leaves. Ions, total sugars 
and individual sugars in leachate from sweet corn seeds 
soaked in water were evaluated for the same isoline pairs. 
These evaluations were performed using electrical 
conductivity (ion leakage), spectrophotometry (total sugars) 
and high pressure liquid chromatography (sucrose, fructose 
and glucose) . Emergence and germination studies for .sh2 and 
sul endosperm types were compared to indicate seed vigor. 
Ions and sugars in seed leachate were examined for an 
association with seed vigor. 
ii 
Traditional sweet corn had higher emergence and in most 
cases, higher germination than sh2 for each isoline. 
Shrunken-2 isolines leaked the same or more ions than sul 
isolines. The isolines that leaked more ions had lower 
laboratory germination and field emergence. Shrunken-2 
isolines leaked more total sugars (mg/g seed) than sul 
isolines. The poorest germinating and emerging isoline also 
leaked the most sugars. Analysis of individual sugars 
(sucrose, fructose, glucose) revealed that sh2 leaked the 
same or more than sul. Differences between isolines showed 
the lowest field emerging and laboratory germinating isoline 
leaked more or the same amount of individual sugars. For 
individual sugars (sucrose, fructose and glucose) measured, 
more fructose leaked than sucrose or glucose. 
Of parameters measured, total sugars in leachate using 
spectrophotometry best predicted field emergence and 
laboratory germination between endosperm types and isolines 
except for germination of isoline Oh43. Ion leakage and 
individual sugars in leachate also showed trends of 
association with emergence and germination in isolines, but 
not as closely paralleled as total sugars between endosperm 
types (sh2 and sul). 
iii 
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Chapter 1 
Introduction 
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Consumer demand determines which crops are produced for 
human consumption. During the last few years supersweet corn 
has become very popular with consumers as a fresh vegetable. 
Supersweet corn has a sweeter flavor and can retain this 
flavor longer after harvest than traditional sweet corn. 
Traditional (sul) and supersweet (sh2) corn is produced by a 
mutation of normal or field (Su) corn. Seeds contain large 
amounts of food reserves particularly starch in Graminaceous 
plants (Bewley and Black, 1983). The sweeter corn types 
contain more sugar, especially sucroes, and less starch at 
maturity than normal corn. Traditional sweet corn loses its 
sweet flavor soon after harvest due to the conversion of 
sucrose to starch. In supersweets, the conversion of sucrose 
to starch is much slower, therefore, the sweeter flavor is 
retained longer. 
Supersweet cultivars have not been popular with growers 
because they demonstrate low emergence and poor seedling 
vigor compared to traditional sweet corn. The supersweet 
cultivars contain more sugar but less starch and 
phytoglycogen than the traditional cultivars, 
characteristics which are correlated with poor emergence and 
seedling vigor (He and Burris, 1992). Most food storage 
material in corn seed is located in the endosperm. Less 
2 
endosperm tissue is a result of lower concentrations of 
starch and phytoglycogen, which means less food reserve 
available for the embryo. The larger amount of sugar than 
starch in supersweets allows more shrinkage which causes the 
pericarp to be wrinkled and broken. When dry down maturity 
occurs the broken pericarp allows sugars and metabolites to 
leak from the seed upon imbibition. 
Previous studies have determined the types and 
concentrations of sugars in the kernel and that sugars leak 
from the seed during imbibition. Aung, Fouse and Harris 
(1992) was the only previous work found regarding what 
percentage of each sugar actually leaks from the seed. The 
present study was conducted to: 
1. compare vigor of 5 isoline pairs of sweet corn 
that are genetically identical except 
for 1 allele which has 2 endosperm types 
(traditional (sul) ano shrunken-2 (sh2)) 
using field emergence and laboratory 
germination analyses. 
2. determine if vigor is associated with ion 
or sugar leakage from sweet corn seeds during 
imbibition. 
3. evaluate specific sugars leaked from imbibing 
sweet corn kernels of 5 isoline pairs with 2 
endosperm types (sul and sh2). 
Chapter 2 
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Supersweet corn seeds have poor vitality and vigor 
which results in reduced emergence, low seedling vigor and 
inconsistent crop stands, making it unacceptable for 
commercial production (Boyer and Shannon, 1983; He and 
Burris, 1992; Juvik and Jangula, 1993). Growers are faced 
with the opposing factors of consumer demand versus poor 
emergence and seedling vigor of high sugar sweet corn (Styer 
and Cantliffe, 1983; Wann, 1986) Previous studies (Styer 
and Cantliffe, 1983; Wann, 1986) show that supersweet (sh2) 
corn has 4 times more total sugars than traditional (sul) 
corn, but much lower field emergence. Reduced vigor of 
supersweet corn seedlings usually is correlated with 
increased levels of sugar in the kernel (He and Burris, 
1992). The vigor of sweet corn seed and seedlings is 
controlled by genotype, kernel constituents, developmental 
maturity and postharvest storage conditions (Aung, et. al., 
1992). It is still not clear if poor seedling vigor is 
related to low endosperm reserves, genetically inferior 
embryos, or differential carbohydrate metabolism during seed 
germination (He and Burris, 1992). 
Sweet corn came from a mutation of chromosome 4 and 
supersweet corn is a mutation of chromosome 3 at the Su 
locus of cultivated corn (2n = 20) (Bassett, 1986). Sweet 
4 
corn is homozygous recessive for sul or sh2 while normal 
corn is homozygous dominant Su (Bassett, 1986) . The sugary 
enhancer (se) gene is a recessive modifier of sul (Juvik and 
LaBonte, 1988). The recessive alleles cause endosperm tissue 
to store sugars and water soluble polysaccharides instead of 
starch which is stored in normal corn (Bassett, 1986; 
Goldman and Tracy, 1994) . The main effect of sul is the 
accumulation of phytoglycogen, a highly branched water 
soluble starch compound (Bassett, 1986; Morris and Morris, 
1939). Phytoglycogen is the compound that gives sul corn its 
creamy texture (Juvik and LaBonte, 1988) . Older cells in 
endosperm of sul kernels fill with phytoglycogen rather than 
starch which is stored in plastids (Bassett, 1986) . Kernel 
polysaccharide synthesis is sometimes inhibited when these 
plastids rupture later in development (Bassett, 1986) . 
Shrunken-2 increases sugar content in the kernel but also 
decreases the phytoglycogen. The se gene increases 
endosperm sucrose content in sul (Dickinson, Juvik and Shaw, 
1990) but does not decrease phytoglycogen as does the sh2 
gene (Carey, Rhodes and Dickinson, 1984). 
Styer and Cantliffe (1983) and Wann (1986) found that 
due to the large decrease in starch content in sh2 seed, 
kernels have large air spaces between the pericarp and 
aleurone layers which enable the pericarp to be easily 
broken and expediate the movement of water and electrolytes 
in and out of the seed upon imbibition. The pericarp and 
seed coat normally act as a barrier and regulate water 
uptake. The increased velocity of water uptake into seeds 
due to the broken pericarp and seed coat may cause 
irreversible membrane damage and solute leakage (Bewley and 
Black, 1983). Poor kernel vigor also is attributed to a 
delay or reduction of aleurone-controlled mobilization of 
carbohydrates instead of the loss of carbohydrates by 
leakage (Harris and DeMason, 1989). Reduced starch and 
phytoglycogen content in sh2 kernels may not provide 
sufficient carbohydrate reserves for optimal rates of 
5 
emergence and growth of seedlings (Wann, 1980). Sugars are 
rarely the predominant storage carbohydrate in seeds (Bewley 
and Black, 1983). Elevated levels of sugars increase osmotic 
potential and lead to membrane and pericarp damage from the 
rapid influx of water during imbibition (Simon, 1978) . 
Seed metabolite leakage during imbibition may be 
linked to membrane permeability and broken pericarps (Wann, 
1986). Poor seed quality in several crop specjes is 
associated with leaching of metabolites from seed during 
initial stages of germination (Abdul-Baki and Anderson, 
1970; Schoettle and Leopold, 1984). Significant correlations 
were shown between seed leachate conductivity and field 
emergence (Tracy and Juvik, 1988; Waters and Blanchette, 
1983). Seeds with shrunken-2 endosperm have higher leachate 
conductivity than those bearing sul endosperms (Schmidt and 
Tracy, 1988; Styer and Cantliffe, 1983; Wann, 1986) and 
6 
poorer field emergence and germination. 
Shrunken-2 seeds have damaged pericarps due to high 
sugar and low starch content of endosperm tissue which allow 
greater ion and sugar leakage than that of sul seeds (Wann, 
1986). Seed leachates consist primarily of sucrose, glucose, 
fructose (Caplan, 1984), potassium, phosphate, amino acids, 
proteins and various other electrolytes (McKersie and 
Stinson, 1980). Maltose, while not present in leachates, is 
present in germinating seeds due to enzymatic hydrolysis of 
starch, but is absent or minimally presen~ during 
development except for Il677a sul/se (Carey et al., 1984; 
Shaw and Dickinson, 1984). Abdul-Baki and Anderson (1970) 
concluded that sugar leaching was not a reliable index for 
seed viability because leaching of sugars was regulated by 
sugar utilization rate during germination rather than 
changes in membrane permeability of the dry seed. 
Sugar leakage from sh2 seeds in field conditions may 
stimulate soil fungal pathogen attack (Bewley and Black, 
1983). Headrick and Pataky (1989) and Headrick, Pataky and 
Juvik (1990) found that Fusarium moniliforme and other fungi 
can cause substantial reduction in germination. The leakage 
of carbohydrates, particularly glucose and fructose from 
sweet corn seeds seem to provide a very favorable 
environment for fungal growth (Lewis and Smith, 1967). Lewis 
and Smith (1967) indicate that sorbitol may also be a main 
contributing factor for rnicroorganisrnal growth. 
Harris and DeMason (1989) concluded sh2 and sul 
seedling vigor could be affected negatively by starch 
degradation and mobilization during early germination. Sh2 
seeds have significantly less starch and phytoglycogen 
throughout development than sul seeds (Styer and Cantliffe, 
1983) and sul seeds have reduced amounts of starch and 
phytoglycogen when compared to normal dent corn seeds 
(Doehlert et al., 1993). 
7 
He and Burris (1992) suggest that poor seedling vigor 
in the sh2 genotype may not be due to an inferior embryo but 
to a small endosperm. The ratio of embryo weight to 
endosperm weight reflects the relative amount of food 
reserves available to the embryo during germination, which 
affects seedling vigor (Wann, 1980). A smaller endosperm 
results from a higher sugar than starch content in the 
endosperm tissue (Doehlert et al., 1993; He and Burris, 
1992; Styer and Cantliffe, 1983). Glucose and sucrose were 
found in sh2 endosperm tissue with sucrose being the major 
reserve (He and Burris, 1992). Endosperm tissue of the sh2 
genotype had 3 times more sucrose than the sul genotype. 
This increased sucrose may have affected respirati_on and 
seedling growth (He and Burris, 1992). Seed respiration 
rates were significantly higher in sh2 than sul (He and 
Burris, 1992). Sh2 kernels demonstrated a unique pattern of 
respiration. This pattern is associated with low vigor which 
may have resulted from a high soluble sugar content in the 
8 
endosperm (He and Burris, 1992). This high soluble sugar 
content provided readily available substrate for 
respiration (He and Burris, 1992). The carbohydrate reserves 
available to sh2 embryos are depleted due to the higher 
respiration rate, limiting seedling growth in the 
heterotrophic stage (He and Burris, 1992). The lack of 
endosperm with the rapid respiration and depletion of 
reserves stored in the embryo would appear to be responsible 
for the low vigor of sh2 seed (He and Burris,1992). 
Enzyme activity can occur in dry seeds (Bewley and 
Black, 1983). The concentration of starch and protein is 
correlated inversely so the sugary mutants that affect 
starch synthesis also may affect protein synthesis (Dudley 
and Lambert, 1992). The reaction rate of enzymes is affected 
largely by the starch concentration in the seed. Enzymes 
require water for a substrate and a high starch 
concentration requires a large amount of water to achieve a 
given enzyme reaction rate (Bewley and Black, 1983). 
Doehlert et al. (1993) found, in sul, increased activity of 
adenosine diphosphate glucose pyrophosphorylase and 
decreased starch hydrolytic enzyme activities during kernel 
dry down compared to normal endosperm types. Sugary 
endosperm types retain more moisture in the drying down 
stages of kernel development and this retention may be the 
cause of increased enzymatic activity (Doehlert et al., 
1993). Increased hexose kinase activities were described by 
9 
cox and Dickinson (1973) in sh2 kernels in the later stages 
of development. The starting point for starch formation is 
sucrose. Sucrose is converted to fructose and uridine 
diphosphoglucose (UDPG) . Fructose and UDPG is converted to 
glucose-1-phosphate (G-1-P) . G-1-P plus ATP forms adenosine 
diphosphate glucose (ADPG) (Bewley and Black, 1983). ADPG is 
very important in starch synthesis for sh2 mutants that 
contain only 10-12% ADPG pyrophosphyorylase activity and 
synthesizes only 25-30% as much starch as normal corn 
(Bewley and Black, 1983) (Figure 1). 
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Figure 1. Pathway for starch synthesis in a seed from 
sucrose to amylopectin. (Bewley and Black, 1983). 
Chapter 3 
Materials and Methods 
11 
plant materials. Seeds of sweet corn (Zea ~ L. var. 
•ugosa) were obtained from J. Juvik (University of Illinios, 
Urbana, IL) with five isoline pairs, i.e. C68, Ia5125, 
Ia453, Il442a and Oh43 (Appendix A). Each pair had 2 
endosperm types, one traditional (sul) and one shrunken-2 
(sh2) except Oh43 sul which also had the sugary enhancer 
gene (se) (Appendix A) . Seeds were untreated in all studies 
except emergence, where they were placed in a paper bag and 
dusted with thiram. 
Field emergence. In field studies, emergence was evaluated 
for all 5 isoline pairs. The experimental design was a 
randomized complete block (0.9 m x 10.8 m) with each isoline 
replicated 4 times. In each block, 20 seeds per isoline were 
planted (3" depth) for approximately 10 m within 10.8 m 
using an Ames hand planter at the University of Illinois 
Horticulture farm, Urbana, Illinois on May 27, 1993. The 
soil type was Drummer silty clay loam. Soil samples were 
taken using the core method at planting and the 6 weeks 
sampling from 0" to 3". Three cores were taken from each 
block and mixed together. Soil sample analysis showed 
averages of pH at 5.7, phosphorous at 50 lbs/A and potassium 
at 374.3 lbs/A. Soil temperature was taken (3" depth) with a 
Wescor Digital TC Thermometer (Model Th-65, Logan, Utah) 
12 
using a copper constant thermocouple at planting and at each 
sampling date. Soil. temperature at planting was 19.1°c and 
continually increased to 32.5°C at the 6 weeks sampling 
date. At 2, 4, and 6 weeks after planting, total number of 
plants emerged, plant height (3 plants from each isoline and 
block), and number of leaves per plant (3 plants from each 
isoline and block) were measured. At the 6 weeks sampling 
plants (one plant per isoline and block) were collected from 
the field and immediately placed in plastic sealable bags 
in a cooler. Fresh weight (g) was taken immediately after 
the plant was removed from the plastic bag in the laboratory 
using an electronic balance. Leaf area (cm2 ) of the entire 
seedling shoot was determined using a Li-Cor area meter 
(Model 3100, Lincoln, NE) calibrated with 10 and 50 cm2 
disks. Seedlings were transported back to Eastern Illinois 
University laboratory in brown paper bags. The bags were 
placed in a Despatch LDS oven at approximately 70°C for 4 
days after which time dry weight (g) was taken using an 
electronic balance. 
Germination. To evaluate germination, 20 seeds of each 
isoline were placed in autoclaved glass petri dishes (9 cm x 
1.5 cm) on 3 layers of Whatman #1 filter paper that were 
saturated with 10 ml distilled water. Four repetitions of 
each isoline were done with each repetition in a different 
plastic tub in a growth chamber (Sherer-Gillett, Co., Model 
CEL 25-7, Marshall, MI), at a constant temperature of 10.0 
13 
±0.2, 15.0 ±0.1, or 20.0 ±0.3°C in the dark for 14 days or 
until all seeds had germinated. Temperature was measured 
daily with a copper-constant thermocouple suspended from the 
middle of the top rack in the chamber with the door closed 
using a Wescor Digital TC Thermometer (Model TH-65, Logan, 
Utah) . No additional water was added. Germinated seeds were 
counted each day and removed from the dish. A seed was 
considered germinated when the radicle extended through the 
seed coat by 1 cm. Average number of seeds germinated and 
percent germinated were calculated. 
Electrical conductivity. Two seeds from each isoline were 
weighed and then imbibed in 10 ml of distilled H2 0 for 24 
hours at 23°c in 20 ml glass bottles with lids (Kull, 1992) 
Four completely randomized repetitions were performed. After 
imbibition, seeds were removed from the leachate and ion 
leakage of the leachate was determined using a Beckman 
Altrex Conductivity Bridge RC-16C with a GOl conductivity 
cell. 
Spectrophotometry. Amount of total sugars leaked was 
determined using a colorimetric anthrone method (Umbriet, 
Burris, and Staufer, 1959). The anthrone reagent was 
prep&red using 1.0 g of anthrone and 500 ml of concentrated 
sulfuric acid (Fisher Scientific Co., New Jersey) and stored 
in a brown glass bottle for not longer than 8 hours at room 
temperature. A stock solution was prepared with 0.377 g 
sucrose, 0.075 g D-fructose and 0.075 g glucose with 
14 
distilled water to volume in a 500 ml volumetric flask. 
Four seeds within A repetitions from each isoline were 
imbibed for 24 hours at 20°C in 10 ml distilled water in a 
20 ml glass bottle with lid. Leachate from each bottle was 
filtered through Miracloth (Calbiochem Corp. La Jolla, CA) 
individually into 50 ml Erlenmeyer flasks. Samples were 
diluted 1:20 and 2 ml were placed in a test tube with 6 ml 
of the an throne reagent. The standard solutions were 
prepared using the following dilution scheme; 
1 ml stock to 100 ml distilled water 
2 ml stock to 100 ml distilled water 
4 ml stock to 100 ml distilled water 
10 ml stock to 100 ml distilled water 
20 ml stock to 100 ml distilled water 
40 ml stock to 100 ml distilled water 
and then 2 ml of each was combined with 6 ml of an throne 
reagent in test tubes. The standards and leachates were 
placed in boiling water on a hot plate for 10 minutes. After 
10 minutes all test tubes were cooled in an ice bath. The 
light absorbance of each standard and sample was read on a 
Lambda 3D Spectrophotometer at 620nm using a blank of 6 ml 
anthrone reagent and 2 ml distilled water. Sugar 
concentration of each sample was calculated using a linear 
regression (Appendix B) . Average seed weight was used to 
calculate sugar content and concentration for each seed. 
Chromatography. Individual sugars in seed leachate were 
15 
determined using high pressure liquid chromatography 
{Azanza,Bar-Zar and Juvik, 1994). Four repetitions of 25 
seeds from each isoline were placed in seed envelopes and 
weighed using an electric balance. Each repetition of 25 
seeds was placed in a 50 ml glass bottle with plastic lid 
containing 25 ml of distilled H2 0. Bottles were placed in an 
electric shaker. Seeds were imbibed for 24 hours at 25°c and 
leachate was poured into 25 ml volumetric flasks. The seed 
container was rinsed with distilled H2 0 and rinsate was used 
to bring leachate to 25 ml volume. Leachate {15 ml) was 
pipetted into 25 ml Erlenmeyer flasks, covered with 
perforated parafilm, frozen and then freeze dried using an 
Unitop 600L with vacuum at -s 0c. Freeze dried samples were 
concentrated 5 fold by rehydrating with 3, 1 ml H2 0 washes 
of the Erlenmeyer flask into graduated cylinders. Leachate 
was filtered using a plastic syringe with a pipette tip 
filter {2000-5000 ul tip) into 4 ml HPLC vials and capped. A 
standard solution of sucrose {1.0%), fructose (0.2%), and 
glucose (0.2%) was used. All repetitions and standards were 
run through a HPLC (Waters WISP 710B) using an Interaction 
ION-300 organic-acid column and solvent acetonitrite/H2 0 
(75:25). Five ul of each standard solution and 20 ul of 
each sample was injected. Sugar concentration of leachate 
was c9lculated from HPLC area data using a regression 
equation and was divided by seed weight to obtain milligram 
of sugar per gram of seed (Appendix B) . 
16 
statistical analyses. Data were analyzed by one way and two 
waY analyses of variance followed by mean separations based 
on Duncan's Multiple Range Test with a significance level of 
P=0.05 (CoStat, Cohort Software, Berkley, Ca.) (Appendix C). 
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rield emergence. Field emergence demonstrated that Ia453 had 
the most plants emerged with C68 and Ia5125 intermediate and 
Il442a and Oh43 the lowest (Table 1). Number of plants 
emerged was significantly different b~tween endosperm types 
(sh2 and sul) in all isolines with shrunken-2 emerging less 
than traditional (Table 2). 
Plant height evaluated at 2 weeks after planting showed 
C68, Ia5125 and Ia453 to have greater plant height than 
Il442a and Oh43. Four weeks after planting, C68, Ia5125 and 
Ia453 were greater in height than Il442a, and Oh43 was 
intermediate (Table 1) . Plant height after 6 weeks 
demonstrated C68 and Ia5125 were greater in height than 
Il442a and Oh43, with Ia453 intermediate. Differences in 
plant height were significant at 2, 4 and 6 weeks sampling 
between endosperm types with sh2 being shorter (Table 3). 
Fresh weight of all isolines 6 weeks after planting 
showed Ia453 to weigh more than Il442a with C68, Ia5125, and 
Oh43 being intermediate (Table 4). Dry weight of isolines 
demonstrated Ia453 to weigh more than Ia5125 and Il442a with 
C68 and Oh43 intermediate (Table 4). Leaf area was greater 
in Ia453 than in Ia5125 and Il442a with C68 and Oh43 
intermediate (Table 4). Differences between endosperm type 
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Table 1. Number of plants emerged and plant height (cm) at 
2, 4 and 6 weeks after planting from 5 sweet corn 
isolinesz. 
Isoline Weeks after planting 
2 4 6 
Plant 
# 
Plant 
height 
Plant 
# 
Plant 
height 
Plant 
# 
Plant 
height 
C68 8 by 5 a 10 b 21 ab 9 b 67 a 
Ia5125 10 b 5 a 11 b 25 a 11 b 67 a 
Ia453 13 a 5 a 14 a 21 ab 14 a 60 ab 
Il442a 1 c 1 b 4 c 15 c 4 c 42 b 
Oh43 2 c 2 b 5 c 19 be 5 c 53 b 
zmeans are lumped across two endosperm types due to no 
significant interaction in two way analysis of variance. 
Ymeans within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
Table 2. Number of plants emerged at 2,4 and 6 weeks 
after planting from 2 sweet corn endosperm 
typesz __ shrunken-2 (sh2) and traditional (sul) 
Endosperm 
type 
sh2 
sul 
2 
10 a 
Weeks after planting 
4 6 
5 b 5 b 
12 a 12 a 
19 
zmeans are lumped across all isolines due to no significant 
interaction in two way analysis of variance. 
Ymeans within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
Table 3. Height (cm) of plants at 2,4 and 6 weeks after 
planting from 2 sweet corn endosperm typesz __ 
shrunken-2 (sh2) and traditional (sul) 
Endosperm 
type 
sh2 
sul 
Weeks after planting 
2 4 
2. 7 aY 16.1 a 
4.8 b 24.5 b 
6 
48.9 a 
67.0 b 
20 
zmeans are lumped across all isolines due to no significant 
interaction in two way analysis of variance. 
Ymeans within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
Table 4. Fresh weight (g), dry weight (g) and leaf area 
(cm2 ) at 6 weeks after planting from 5 isolinesz 
of sweet corn. 
Isoline Fresh Dry Leaf 
weight weight area 
21 
C68 48.95 abY 5.13 ab 892.54 ab 
Ia5125 34.34 ab 3.21 b 535.38 b 
Ia453 57.01 a 6.34 a 1005.55 a 
Il442a 28.44 b 3.10 b 502.57 b 
Oh43 37.27 ab 4.25 ab 654.08 
zmeans are lumped across two endosperm types due to no 
significant interaction in two way analysis of variance. 
Ymeans within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
ab 
demonstrated sul to have significantly higher values in 
fresh weight, dry weight and leaf area than sh2 (Table 5) 
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Statistical analysis showed a significant interaction 
between endosperm type and isoline in leaf number per plant. 
Thus one-way analyses of variance were done. At 2 weeks 
after planting a significant difference was demonstrated 
between sh2 isolines and sul isolines with both endosperm 
types showing C68, Ia5125 and Ia453 to be greater than 
Il442a and Oh43. At 4 weeks, leaf number of sh2 isolines 
showed C68, Ia5125 and Ia453 to be greater than Il442a with 
Oh43 intermediate. Traditional isolines revealed Ia5125 to 
be greater than Oh43 with C68, Ia453 and Il442a 
intermediate (Table 6). The 6 weeks sampling showed sh2 
isoline Ia453 with more leaves than Il442a, and the other 3 
were intermediate. No significant differences between sul 
isolines were demonstrated. Differences between endosperm 
types within an isoline and sampling week were significant 
in all cases revealing sul to have greater leaf numbers than 
sh2 (Table 7). 
Germination. Isolines tested at 10°c exhibited no 
germination. Significant interaction between isolines and 
endosperm types was demonstrated at 15 and 20°c with one-way 
analyses of variance demonstrating a significant difference 
between isolines (Table 8). Germination tests at 15°c of sh2 
revealed Oh43 to have the highest germination percentage. 
Il442a had the lowest germination percentage with C68, 
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Table 5. Fresh weight (g), dry weight (g) and leaf area 
(cm2 ) at 6 weeks after planting from 2 sweet corn 
endosperm typesz __ shrunken-2 (sh2) and traditional 
( sul) . 
Endosperm 
type 
sh2 
sul 
Fresh 
weight 
27. 89by 
54.51 a 
Dry 
weight 
3.00 b 
5.81 a 
Leaf 
area 
495.07 b 
940.97 a 
zmeans are lumped across all isolines due to no significant 
interaction in two way analysis of variance. 
Ymeans within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
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Table 6. Number of leaves at 2,4 and 6 weeks after planting 
from 5 sweet corn isolinesz. 
Isoline Weeks after planting 
2 4 6 
----------------------------------------------------------------------------------------
sh2 su1 sh2 su1 sh2 su1 
C68 2 a 3 a 5 a 6 ab 7 ab 9 a 
Ia5125 2 a 3 a 5 a 6 a 7 ab 8 a 
Ia453 2 a 3 a 6 a 6 ab 8 a 9 a 
IL442a 0 b 1 b 2 b 6 ab 3 b 8 a 
Oh43 1 b 1 b 4 ab 5 b 6 ab 7 a 
zmeans within a column followed by same letter are not 
significantly different based on Duncan's My.ltiple Range 
Test at P=0.05. /' 
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Table 7. Number of leaves at 2,4 and 6 weeks after planting 
from 2 sweet corn endosperm types-- shrunken-2 
(sh2) and traditional (sul). 
Endosperm 
type 
sh2 
sul 
2 
2 a 
4 6 
4 b 6 b 
6 a 8 a 
zmeans within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
Table 8. Percent germination for 5 sweet corn isolinesz 
and 2 endosperm types-- shrunken-2 (sh2) and 
traditional (sul) at 15° and 20°c after 9 days. 
I so line 15°C 20°c 
sh2 sul sh2 sul 
C68 24 by 71 a 60 c 94 a 
Ia5125 34 b 47 ab 66 be 97 a 
Ia453 25 b 51 ab 81 a 97 a 
Il442a 10 c 51 ab 47 d 99 a 
Oh43 52 a 26 b 74 ab 95 a 
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zmeans within a column followed by same letter are not 
significantly different on arcsin transformed data based on 
Duncan's Multiple Range Test at P=0.05. 
Ymeans comparing endosperm types within an isoline and a 
temperature were significantly different in all cases except 
at 15°c for Ia5125. 
Ia5125 and Ia453 intermediate. Traditional lines revealed 
C68 to be higher than Oh43 with Ia5125, Ia453 and Il442a 
intermediate. 
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Germination at 20°c showed sh2 isolines Ia453 and Oh43 
to have the highest germination percentage. C68 and Ia5125 
were intermediate with Il442a having the lowest germination 
percentage, Traditional isolines showed no significant 
differences in germination percentage (Table 8). Endosperm 
types demonstrated significant differences in all cases at 
20°c (Table 8). 
Ion Leakage. No significant interaction between isolines and 
endosperm types occurred for ion leakage. C68 and Il442a had 
the highest ion leakage with Ia453 and Oh43 intermediate and 
Ia5125 the lowest (Table 9). Endosperm types were different 
between C68 and Oh43 with sh2 demonstrating higher ion 
leakage (Table 9). 
Sugars in seed leachate. Total sugar leaked (mg) per seed 
in seed leachate showed no significant interaction between 
endosperm type and isoline. Greatest sugar leakage (mg) per 
seed in leachate was demonstrated by Il442a. Ia453, Il5125 
and C68 were not significantly different. C68 and Il5125 
were not different from Oh43 (Table 10). Endosperm types 
showed no significant difference in sugar leaked (mg) per 
seed in seed leachate (Table 11). 
Total sugar concentration (mg sugar per g seed) in seed 
leachate showed Il442a to have the greatest sugar 
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Table 9. Electrical conductivity (umhos) of sweet corn seed 
leachate after 24 hours imbibition at 23°c for 5 
isolinesz. 
Isoline Electrical 
conductivity 
C68 199.0 ay,x 
Ia5125 114.0 b 
Ia453 131.4 ab 
Il442a 201.9 a 
Oh43 135.8 abx 
zmeans are lumped across two endosperm types due to no 
significant interaction in two way analysis of variance. 
Ymeans within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
xno difference between endosperm types (sh2 and sul) except 
for C68 and Oh43. 
Table 10. Total sugar content (mg) per seed in seed 
leachatez after 24 hours of imbibition at 20°c 
for 5 sweet corn isolinesz. 
I so line 
C68 
Il5125 
Ia453 
Il442a 
Oh43 
Sugar 
content 
1. 28 be Y 
1.20 be 
0.26 c 
5.85 a 
2.79 b 
zmeans are lumped across two endosperm types due to no 
significant interaction in two way analysis of variance. 
Ymeans within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
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Table 11. Total sugar content (mg) per seed in seed leachate 
after 24 hours of imbibition at 20°c for 2 sweet 
corn endosperm typesz __ shrunken-2 (sh2) and 
traditional (sul) . 
Endosperm 
type 
sh2 
sul 
Sugar 
content 
2. 7 0 aY 
1.86 a 
zmeans are lumped across all isolines due to no significant 
interaction in two way analysis of variance. 
Ymeans within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
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concentration and Ia453, Il5125 and C68 to have the lowest 
sugar concentration with Oh43 intermediate (Table 12). 
Endosperm type demonstrated higher sugar concentration per 
gram seed in leachate in sh2 than sul (Table 13). 
Significant interaction between isoline and endosperm 
type was seen for sucrose, fructose and glucose. Sucrose 
content in seed leachate showed significant differences 
(Table 14). In the sh2 endosperm type, Il442a and Oh43 
showed more sucrose leakage per seed than C68, Ia5125 and 
Ia453 which showed very little or no sucrose in seed 
leachate. Traditional endosperm type showed Il442a to leak 
more sucrose per seed than C68, Ia5125, Ia453 and Oh43 which 
revealed little or no sucrose in seed leachate. Differences 
between endosperm types were significant in C68, Il442a and 
Oh43 with sh2 having the higher sucrose content (Table 14). 
Fructose content of seed leachate showed no significant 
differences within isolines for sh2 or sul. There were 
differences between endosperm types for Ia5125, Il442a and 
Oh43 with sh2 having the higher fructose content (Table 14) 
Oh43 leaked more glucose per seed than C68, Ia5125, 
Ia453 and Il442a which were not significantly different from 
each other. Traditional isolines demonstrated Il442a to have 
the greatest glucose leakage per seed. Oh43 was 
intermediate with C68, Ia5125 and Ia453 demonstrating the 
least glucose leakage. A significant difference between 
endosperm type was shown in Oh43 where sh2 leaked more 
Table 12. Total sugar concentration (mg/g seed) in 
seed leachate after 24 hours of imbibition 
at 20°C for 5 sweet corn isolinesz. 
Sugar 
I so line concentration 
C68 12.72 Cy 
Il5125 11.94 c 
Ia453 2.69 c 
Il442a 51.91 a 
Oh43 28.74 b 
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zmeans are lumped across all isolines due to no significant 
interaction in two way analysis of variance. 
Ymeans within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
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Table 13. Total sugar concentration (mg/g seed) in seed 
leachate after 24 hours of imbibition at 20°c for 
2 sweet corn endosperm typesz __ shrunken-2 (sh2) 
and traditional (sul). 
Endosperm 
type 
sh2 
sul 
Sugar 
concentration 
31. 27 aY 
11. 93 b 
~eans are lumped across all isolines due to no significant 
interaction in two way analysis of variance. 
Ymeans within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
Table 14. Sucrose, fructose and glucose content (mg) per 
seed in seed leachate of 5 sweet corn isolines 
from 2 endosperm typesz __ shrunken-2 (sh2) and 
traditional (sul). 
Isoline Sucrose 
sh2 sul 
C68 0.025 by,• 0.000 b 
Ia5125 0.000 bns 0.000 b 
Ia453 0.000 bns 0.000 b 
Il442a 0.100 . 0.046 a a 
Oh43 0.082 a· 0.015 b 
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.......................................................... _ ......................................................................................................................................................................... . 
Fructose 
sh2 sul 
C68 0.003 ans 0.006 a 
Ia5125 0.052 a 0.007 a 
Ia453 0.024 ans 0.000 a 
Il442a 0.206 a 0.084 a 
9.h1} .................................................................................... Q ..: .. ?. .. +..?. ..... ~: ................................................ Q ..: .. !.~.;?. ..... ~ ........................ . 
Glucose 
sh2 sul 
C68 O.OC2 bns 0.000 c 
Ia5125 0.000 bns 0.000 c 
Ia453 0.000 bns 0.000 c 
Il442a 0.047 bns 0.064 a 
Oh43 0.125 a 0.036 b 
zmeans within a column and sugar type followed by same 
letter are not significantly different based on Duncan's 
Multiple Range Test at P=0.05. 
Ymeans comparing endosperm types within a row are 
significantly different when denoted • and are not 
significantly different when denoted ns based on Duncan's 
Multiple Range Test at P=0.05. 
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glucose per seed than sul (Table 14). 
Sucrose concentration (mg sugar per g dry seed weight) 
in seed leachate showed the same results as sucrose content 
for isoline and endosperm (Table 15). Fructose concentration 
revealed differences between isolines. In sh2, Oh43 and 
Il442a were significantly higher in fructose concentration 
than C68, Ia5125 and Ia453. Ia5125 was intermediate with C68 
demonstrating the lowest concentration. Ia453 was not 
different from C68 or Ia5125. Traditional lines showed 
Il442a to be highest, Oh43 intermediate and C68, Ia5125 and 
Ia453 to have the lowest fructose concentration. Differences 
between endosperm types were the same as fructose content 
(Table 15). Glucose concentration showed no differences from 
glucose content in isolines or endosperm type (Table 15). 
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Table 15. Sucrose, fructose and glucose concentration (mg/g 
seed) in seed leachate of 5 sweet corn isolinesz 
from 2 endosperm types-- shrunken-2 (sh2) and 
traditional (sul) . 
Isoline Sucrose 
sh2 sul 
C68 0.063 by,* 0.000 b 
Ia5125 0.000 bns 0.000 b 
Ia453 0.000 bns 0.000 b 
Il442a 2.507 * 1.156 a a 
9.9.:1} ............................................................................................. ;?. .. : • .9.1.§ ..... ~: ....................................................... Q ..: .. 2 .. 7..9. .... :9. ............................ . 
Fructose 
sh2 sul 
C68 0.076 ens 0.153 c 
Ia5125 1.310 b* 0.181 c 
Ia453 0.604 bcns 0.000 c 
Il442a 5.144 * 2.100 a a 
.QP.:1} ............................................................................................. ?. .. : .. 2 .. ?..1 ..... ~ ........................................................ ± ..: . .9 .. +.-. .?. .... P. ............................ . 
Glucose 
sh2 sul 
C68 0.043 bns 0.000 
Ia5125 0.000 bns 0.000 
Ia453 0.102 bns 0.000 
Il442a 1.183 bns 1.610 
Oh43 3.136 a 0.891 
zmeans within a column and sugar type followed by same 
letter are not significantly different based on Duncan's 
Multiple Range Test at P=0.05. 
Ymeans comparing endosperm types within a row are 
significantly different when denoted * and are not 
significantly different when denoted ns based on Duncan's 
Multiple Range Test at P=0.05. 
c 
c 
c 
a 
b 
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Field emergence studies demonstrated sh2 to have lower 
emergence than sul (Table 1). These findings are consistent 
with previous studies by Boyer and Shannon (1983), He and 
Burris (1992) and Juvik and Jangula (l993). 
In this study, germination percentages were higher than 
emergence percentages (Table 1, Table 8). This difference 
could be due to the mobilization of seed reserves occurring 
after germination is completed. Thus deterioration of food 
reserves is expected to affect seedling vigor instead of 
seedling viability (Bewley and Black, 1983). 
Laboratory studies for germination at 20°c followed the 
same trend as emergence. At 15°C, Ia5125 and Oh43 did not 
show the same trend as 20°C germination or field emergence 
where emergence and germination were lower for sh2 than sul 
(Table 8). Percentage values for Ia5125 showed endosperm 
type sul not to be statistically different. Oh43 sh2 showed 
a percent germination approximately 27% higher than Oh43 
sul- se (Table 8). In this study, Oh43 sul se had fewer 
plan~s emerge than C68 sul, Ia5125 sul and Ia453 sul. Since 
increased sugar content is correlated with reduced 
supersweet corn seedling vigor (He and Burris, 1992) this 
respone may be the case for Oh43 sul se since it contains a 
higher sugar content and is considered a supersweet cultivar 
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(Dickinson et al., 1990; Juvik and LaBonte, 1988). In field 
conditions Oh43 sul se may be more susceptible to 
fluctuation in soil moisture, soil temperature, insect 
damage and attack by soil microorganisms (fungi and 
bacteria) which would not be a factor in the laboratory. 
Bewley and Black (1983) and Lewis and Smith (1967) state 
leakage of sugars may provide a favorable environment for 
growth of soil microorganisms. It must be taken into 
consideration that the germination percentage of Ia5125 sul 
and Oh43 sul se at 20°C was higher than Ia5125 sh2 and Oh43 
sh2, respectively, which follows the trend of poor emergence 
and germination with high sugar content of the seed (Table 
8) • 
Previous studies have shown greater ion leakage by sh2 
endosperm type than sul (Schmidt and Tracy, 1988; Styer and 
Cantliffe, 1983; Wann, 1986). The higher sugar to starch 
ratio in supersweets results in a smaller endosperm than sul 
at maturity (Doehlert et al., 1993; He and Burris; 1992; 
Styer and Cantliffe, 1983) resulting in a wrinkled and 
broken pericarp (Styer and Cantliffe, 1983; Wann, 1986). The 
broken pericarp allows water and metabolites to flow from 
the seed during imbibition (Styer and Cantliffe, 1983; Wann, 
1986) . 
In this study, ion leakage in sh2 was greater in only 2 
out of 5 isolines with the remaining 3 isolines showing no 
difference between endosperm types (Table 9). Analysis of 
L 
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total sugars in leachate demonstrated sh2 to leak more sugar 
than sul for all 5 isolines which is consistent with work by 
Kull (1992) (Table 11, Table 13). Primary sugars found in 
seed leachate are sucrose, fructose and glucose (Caplan, 
1984) . Evaluation of each sugar demonstrated sh2 to leak the 
same or more than sul (Table 14, Table 15). 
Significant correlations have been shown between 
conductivity and field emergence tests (Tracy and Juvik, 
1988; Waters and Blanchette, 1983). In this study, emergence 
and ion leakage showed that isolines which leaked the most 
ions had fewer plants emerge (Table 1, Table 9). Endosperm 
type did not follow the trend previously reported by Schmidt 
and Tracy (1988), Styer and Cantliffe (1983), or Wann 
(1986), that shrunken-2 endosperms have higher ion leakage 
and poorer field emergence and germination than sul. It 
appears that ion leakage is dependent upon isoline 
differences rather than endosperm differences. 
Total sugar leakage demonstrated sh2 to leak more 
sugar, have fewer plants emerge and lower germination 
percentage than sul (Table 1, Table 8, Table 11, Table 13) 
which follows trends found by Abdul-Baki and Anderson 
(1970), He and Burris (1992), Tracy and Juvik (1988), Waters 
and Blanchette (1983). This study shows sugar leakage to be 
dependent on endosperm type differences. The increased 
damage to the pericarp provides openings for the leakage of 
sugars and due to a higher sugar content of the sh2 
endosperm type more sugars are available to leak. 
Analysis of individual sugars (sucrose, fructose and 
glucose) followed the same trend as ion leakage analysis 
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(Table 9, Table 14, Table 15). Differences between isolines 
showed the poorer emerging and germinating lines to leak the 
most individual sugars with differences between endosperm 
sh2 and sul types in 3 of 5 isolines for each sugar (Table 
1, Table 8, Table 14, Table 15). For sugars in leachate, 
concentration was a better predictor of emergence than 
content (mg sugar per seed) when considering isoline and 
endosperm type differences. 
Individual sugar analyses revealed fructose to leak 
from the seed more than sucrose or glucose (Table 14, Table 
15). Previous studies by Aung et.al., (1992) also 
demonstrated the highest percentage of individual sugar in 
sweet corn leachate to be fructose. Studies by Juvik 
(Appendix A) show sucrose to be the major sugar (percentage 
of seed dry weight) found in the kernel. He and Burris 
(1992) found sucrose and glucose in the endosperm tissue 
with sucrose being the major reserve. Since sucrose is the 
major sugar in the kernel it could be assumed to be the 
major sugar found in leachate. Since the pericarp is shown 
to have large cracks and holes (Styer and Cantliffe, 1983; 
Wann, 1986) it could be concluded that sucrose would freely 
leak from an imbibing sweet corn seed. This study revealed 
sucrose to leak from the seed less than fructose and 
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glucose. A hypothesis for this finding involves seed 
respiration in which sucrose is broken down to fructose and 
uridine diphosphoglucose. These sugars are converted to 
glucose-1-phosphate and glucose-6-phosphate (Bewley and 
Black, 1983). It would be expected to find more glucose in 
leachate than sucrose or fructose but this trend was not the 
case. The larger percentage of fructose in leachate could be 
due to an enzyme inhibitor of glucose-6-phosphate 
dehydrogenase which would cause negative feedback that would 
stop the conversion of fructose to glucose. The final 
hypothesis supported by Bewley and Black (1983) discusses 
the relationship of protein content and water which is 
required for a given rate of glucose-6-phosphate 
dehydrogenase. The larger the starch content of a seed the 
less water is needed for the glucose-6-phosphate 
dehydrogenase reaction to occur. Since sh2 endosperm 
contains less starch than sul, the amount of substrate 
necessary for the enzyme reaction is reduced and this path 
of the seed respiratory cycle is inhibited which would cause 
more fructose to be available to leak from the seed. 
Chapter 6 
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Emergence and germination studies followed findings of 
previous research by Styer and Cantliffe (1983) and Wann 
(1986). Endosperm type sh2 had fewer plants emerge in the 
field and smaller germination percentages in the laboratory 
than sul. Ion leakage demonstrated sh2 to leak more or the 
same amount of ions than sul. Individual sugar analysis 
showed sh2 to follow the same trend as ion leakage, but 
total sugar evaluation demonstrated sh2 to leak more sugar 
than sul for all isolines. In individual sugar analysis it 
was expected to find more sucrose than fructose or glucose 
in leachate, since sweet corn kernels contain more sucrose 
than fructose or glucose (Juvik, unpublished) (Appendix A) 
However, more fructose leaked than sucrose or glucose for 
all 5 isolines and both endosperms. 
Total sugar analysis best predicted the results 
obtained in field emergence and laboratory germination. 
Although analysis of ion leakage and individual sugars in 
leachate did not represent the results of emergence and 
germination as well as total sugars in leachate, in each 
parameter the isolines that leaked more ions and sugars had 
lower germination and emergence. 
Appendix A 
Kernel Sugar Content 
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Table Al. Partial list of available maize inbreds with 
preliminary information on kernel sugar 
content (%of dry weight), field 
emergence and seedling growth rates 
Inbred 
C68 
C68 
Ia5125 
Ia5125 
Ia453 
Ia453 
Il442a 
Il442a 
Oh43 
Oh43 
(Juvik, 1994, unpublished). 
Endosperm % Dry Wt. % Total 
Mutation Sucrose Sugar 
sul 
sh2 
sul 
sh2 
sul 
sh2 
sul 
sh2 
sul/se 
sh2 
3.04 
4.30 
2.95 
5.20 
2.76 
3.89 
4.58 
5.33 
11.17 
10.45 
4.09 
4.67 
4.00 
6.09 
3.47 
4.17 
5.53 
7.21 
14.99 
14.12 
Correlation coefficient (r) between 
sucrose and inbred performance 
(probability of r) . 
Correlation coefficient (r) between 
total sugar and inbred performance 
(probability of r). 
% Field Seedling 
Emergence Growth 
Rate 
cm/day 
69.5 
29.5 
59.3 
9.0 
75.5 
26.0 
36.8 
5.3 
2.8 
8.3 
-0.63 
(<0.001) 
-0.72 
(<0.001) 
0.57 
0.35 
0.55 
0.35 
0.58 
0.27 
0.41 
0.36 
0.26 
-0.63 
(<0.001) 
-0.59 
(<0.001) 
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L 
0 50 100 150 200 
Sugar Concentration (mg sugar/L HiO) 
Figure Bl. Standard Curve for Total Sugar Analysis. 
y = 0.004x + 0.021 r = 0.994 
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Sucrose Concentration (mg sugar/L H20) 
Figure 82. Sucrose Standard curve for individual sugar analysis. 
y = 495984.114x - 348167.165 r = 0.996 
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IO 
I_ 
0 0.5 1.5 
Fructose Concentration (mg sugar/L !-IiO) 
Figure BJ. Fructose Standard Curve for Individual Sugar Analysis. 
y = 479582.573x - 39146.418 r = 0.995 
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2 
I_ 
0 0.5 1.5 
Glucose Concentration (mg sugar/L H20) 
Figure B4. Glucose Standard curve for individual sugar analysis. 
y = 513095.436x - 4805.173 r = 0.994 
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Table Cl. Two-way analysis of variance for number of plants 
at 2 weeks. 
TWO WAY ANOVA RANDOMIZE~ COMPLETE 
Using: A:\2WPLOT2.DT 
variable: # of plants 
Source 
Blocks 
Main Effects 
isol 
en do 
Interaction 
isol x endo 
Error 
Total 
Duncan's Multiple Range Test 
Factor: isol 
SS 
9 
785.6 
313.6 
81. 9 
205.5 
1395.6 
Error mean square= 7.6111111111 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 2.8303198685 
B:..JC:K2 
df MS 
3 'l ..., 
4 196.4 
1 313.6 
4 20.475 
27 7.611111 1 111 
39 
Rank Trt# Mean n Non-significant ranges 
1 3 12.875 
2 2 9.875 
3 1 8.125 
4 5 2.25 
5 4 1. 375 
Duncan's Multiple Range Test 
Factor: endo 
8 a 
8 
e 
8 
8 
Error mean square= 7.6111111111 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 1.7900514582 
b 
b 
c 
c 
Rank Trtlt Mean n Non-significant ranges 
1 
2 
2 
1 
9.7 20 a 
4. 1 20 b 
F p 
0.3941605839 .7582 
25.804379562 .0000 
41.202919708 .0000 
2.6901459854 .0523 
ns 
*** 
*** 
ns 
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Table C2. Two-way analysis of variance for number of plants 
at 4 weeks. 
7W: WAY ANOVA RANDOMIZED COMPLETE BL~CKS 
Using: A:\4WPLOT4.DT 
Variable: ~plants 
Source SS 
Blocks 29.875 
Main Effects 
isol 596.65 
endc 429.025 
Interaction 
isol x endo 17. 85 
Error 282.375 
Total 1355.775 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square = 10.458333333 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 3.3177429036 
df 
3 
4 
1 
4 
27 
39 
MS 
9.9583333333 
149.1625 
429.025 
4.4625 
10.458333333 
Rank Trt# Mean n Non-significant ranges 
1 .., 14.125 .:i 
2 ., 10.75 .. 
3 1 9.5 
4 5 4.875 
5 4 3.625 
Duncan's Multiple Range Test 
Factor: endo 
8 a 
8 
8 
8 
8 
Error mean square = 10.458333333 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 2.0983248533 
b 
b 
c 
c 
Rank T rt# Mean n Non-significant ranges 
1 
2 
2 
1 
11.85 20 a 
5.3 20 b 
F p 
0.9521912351 .4294 
14.262549801 .0000 
41.022310757 .0000 
0.4266932271 .7880 
ns 
*** 
*** 
ns 
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Table C3. Two-way analysis of variance for number of plants 
at 6 weeks. 
TWO WA\ ANOVA RANDOMIZED COMPLETE BLJCKS 
Using: ~:\PLT2.DT 
Variable: #plants 
Source 
Blocks 
Main Effects 
en do 
isol 
Interac:ion 
en do v isol A 
Error 
Total 
Duncan's Multiple Range Test 
Factor: enao 
SS 
42.9 
422.5 
601.1 
19 
255.6 
1341 . 1 
Error mean square = 9.4666666667 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 1.9963653682 
df 
3 
1 
4 
4 
27 
39 
MS 
14.3 
422.5 
150.275 
4.75 
9.4666666667 
Rank Trtlt Mean n Non-significant ranges 
2 
2 
11.6 20 a 
5.1 20 b 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square = 9.4666666667 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 3.1565308027 
Rank Tr:# Mean n Non-significant ranges 
1 3 13.875 8 a 
2 2 10.625 8 b 
,.., 9.25 8 b ,.) 
4 : 4.625 8 c 
5 4 3.375 8 c 
F p 
1.5105633803 .2343 
44.63028169 .0000 
15.874119718 .0000 
o. 5017605634 .7347 
ns 
*:;:* 
*** 
ns 
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Table C4. Two-way analysis of variance for plant height at 
2 weeks. 
TWO WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Using: A:\2WPLOT2.DT 
variable: plant ht 
Source SS 
Blocks 5.285 
Main Effects 
isol 109.3715 
en do 40.401 
I:teraction 
isol x endo 3.4215 
Error 44.96 
Total 203.439 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square= 1.6651851852 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 1.3238621275 
df 
3 
4 
1 
4 
27 
39 
MS 
1.7616666667 
27.342875 
40.401 
0.855375 
1.6651851852 
Rank TrU Mean n Non-significant ranges 
1 
2 
3 
4 
5 
3 
') 
.. 
1 
5 
4 
5.35 
5.1375 
4.7375 
2.075 
1. 425 
Duncan's Multiple Range Test 
Factor: endo 
8 a 
8 a 
8 a 
8 b 
8 b 
Error mean square= 1.6651851852 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 0.8372839262 
Rank TrU 
1 
2 
2 
1 
Mean n Non-significant ranges 
4.75 20 a 
2.74 20 b 
F p 
1.0579403915 .3832 
16.420320841 .0000 
24.26216637 .0000 
0.5136816059 .7262 
ns 
*** 
*** 
ns 
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Table CS. Two-way analysis of variance for plant height at 
4 weeks. 
TWO WAY ANOVA RANDOMIZED COMPL~TE BLOCKS 
Using: A:\4WPLOT4.DT 
Variable: pi height 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 73.85675 
Main Effects 
isol 459.2815 
en do 706.44025 
Interaction 
isol x endc 172.6585 
Error 787.64075 
Total 2199.87775 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square= 29.17187963 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 5.5410707512 
3 24.618916667 
4 114.820375 
1 706.44025 
4 43. 1€ 4625 
27 29.17187963 
39 
Rank Trt# Mean n Non-significant ranges 
1 
2 
3 
4 
5 
2 
1 
3 
5 
4 
25.1875 
21.425 
21.2125 
18.8875 
14.875 
Duncan's Multiple Range Test 
Factor: endo 
8 a 
8 ab 
8 ab 
8 be 
8 c 
Error mean square= 29.17187963 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 3.50448085 
Ran~; Trt# 
1 
2 
2 
Mean n Non-significant ranges 
24.52 20 a 
16.115 20 b 
0.8439263078 .4819 ns 
3.9359950904 . 0121 
* 24.216480356 .0000 
*** 
1.4796655391 .2360 ns 
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Table C6. Two-way analysis of variance for plant height at 
6 weeks. 
TWO WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Using: A:\PLT2.DT 
Variable: Pl height 
Source SS df MS F p 
------------------------
Blocks 1011.5900 3 337.19667 1.37 0.2743 ns 
Mam Effects 
en do 3265.2490 3265.2490 13.23 0.0011 
isol 3589.3985 4 897.34962 3.64 0.0171 
Interaction 
endo xisol 2134.0385 4 533.50963 2.16 0.1005 ns 
Error 6664.8400 27 246.84593 
Total 16665.116 39 
Duncan·s Multiple Range Test 
Factor: endo 
Error mean square= 246.84593 
Degrees of freedom = 27 
Significance level= .05 
LSD .05 = 10.185 
Rank Trt# Mean n Non-significant ranges 
1 1 48.9 20 a 
2 2 66.9 20 b 
Duncan's Multicie Range Test 
Factor: isol 
Error mean square= 246.84593 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 16.104 
Rank Trt# Mean n Non-significant ranges 
1 1 67.3 8 a 
2 2 66 g 8 a 
3 3 60.4 8 ab 
4 5 52.8 8 b 
5 4 42.2 8 b 
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Table C7. Two-way analysis of variance for fresh weight of 
plants at 6 weeks. 
7WC ~AY ANOVA RANJOM:ZED CGMPL~7E a~oc~~ 
--/~ri~.ole: f:,.. w-:. 
= 
:=c1_·.t·=2 
-------------------------------------------------------------------------------
:.sol 
.::~::~)6. =~·.) 1: 7 ::. 
7C80 • .!.07:!22::. 
.+::·;::. 7611C·~· 
....,;. 
. 
J.. 
4 
708:3 .1G7i:i2:.=-
:::.7:). ·:;·40:·;6::: 
------------------------------------------------------------------------------
~=a~ _ ~u:ti=.a ~a~~a Taa~ 
-;::-.=-:=r: e~:c.::. 
--------------------------------------------------------------------------------
.::.o 
-'-· 
···- ---·--
....... 7::; -=~_;. ::.. -:- -. -- .-.;:. ~-· 
= ,_ c:; •• ·: ·=·~ 
.·· -i 
-----------------------------------------------------------------
------- -------- -
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Table cs. Two-way analysis of variance for dry weight of 
plants at 6 weeks. 
71.AtC ",.:.·i ~r-~c . ._.-;, ;:.~!,'~~.:::~~1:;;:=:r. COl"'F..._CIE ~j!_ .... :_,._ 
·..i: .... r-;: ~:-,F~_T::_i.,.,,Di 
·..,~ .. :i. r :. a. c l ~ ; ·:~ r ·/ i;o.I" -:: 
df MS F 
------------------------------------------------------------------------------
3lo·=k:; 
. '1~.ir: Ef7ec-:.s 
er.di::J 
::..sc:;l 
~r"'- ==-·~-·-··""'.'·C: I 7 • .._,._•.;;,...;;,.•._;~ -· 
60.34?.:.6::. 
..-,,., =-~r-,-='"= 
..:;,."""' • ·-' / . .,:. 7 ·-•,_I 
~ ! ·- "":"" - .... - .... --:- = 
. ..;•C'7 •. ..:•...:..-~/I -
• 1L.-•·=.:..n : :1:_~: ::.=l: :=;.:,=i,;-;g~ ! ·~=-:: 
~~·=-::Jr~ .:n.:;w 
~~r=~ m2ar ~cuar2 = S.3758876~~2 
:&g-~•s ~1 1r22~~m = 27 
._; . 
1 
4 
4 
:.7 
10. 872002=· 
7~·. =·=·2202::1 
15. 0872912=· 
6. 1434837::. 
Mean j. Non-si;ni1ican~ ranges 
= -.-.-
-· • C'.'' 
I .. -· 
-.. ---· 
-... -. 
...:..··-· 
:.r:: 
a 
·'"-
- :. -::.:..;- -
1.70~3727742 .1897 ns 
12.471171531 .0015 ** 
2.365:915498 .0780 ns 
0.9630963976 .4437 ns 
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Table C9. Two-way analysis of variance for leaf area of 
plants at 6 weeks . 
.-,, _,...._, r....,.. 1_1 __ w.i.11 
~--=--~ -., ,-
__ 1.:=o ~c....,.--= 
-.co 
. ·-'-• 
MS 
. .:. 7 
= 
i1.s2032s:03 .oc:1 ** 
2.262363739 .OE~4 n& 
~ =--, 
__ :_·~---~:~-----------T~~·~'-------~~~!~~~~~'..:~~:.: ..~1::_~~~12~~--------------------------
- •.. 1. ,---= 
-. ........ '. ~ i - -' 
..::·.! ;•-:.::=-= 
= 
= 
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Table ClO. Two-way analysis of variance for number of leaves 
at 2 weeks. 
TWO ~A~ ANOVA RANDOMIZED COMPLETE BLOCKS 
Usins: A:\2WPLOT2.DT 
Variacle: #leaves 
Sour:e SS 
Blocks 0.90275 
Main =ffects 
isol 24. 179 
en do 5.55025 
Interaction 
isol x endo 1.026 
Error 9.96975 
Total 41.62775 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square = 0.36925 
Degrees of freedom = 27 
r~§n~o~c~no:62~~870§5~o5 
df 
3 
4 
1 
4 
27 
39 
MS 
0.3009166667 
6.04475 
5.55025 
0.2565 
0.36925 
Rank TrU Mean n Non-significant ranges 
1 
2 
3 
4 
5 
2 
3 
1 
5 
4 
2.575 
2.4125 
2.375 
1. 125 
0.675 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 0.36925 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 0.3942772663 
Rank TrU Mean 
8 a 
8 a 
8 a 
8 b 
8 b 
n Non-significant ranges 
1 
2 
2 2.205 20 a 
1. 46 20 b 
F p 
0.8149401941 .4969 
16.370345295 .0000 
15.031144211 .0006 
0.6946513202 .6022 
ns 
*** 
*** 
ns 
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Table Cll. Two-way analysis of variance for number of leaves 
at 4 weeks. 
TWO WAY ANOVA RANDOMI2ED C8MPLETE BLOCKS 
Using: A:\4WPLOT4.DT 
Variable: #leaves 
Source SS df 
Blocks 7.51875 " .j 
Main Effects 
isol 26.6285 4 
en do 19.74025 1 
Interaction 
MS F p 
2.50625 1.7256383284 . 1854 
6.657125 .<1,5836568806 .0059 
19.74025 13.591833222 .0010 
ns 
** 
** 
isol x endo 18.3185 4 4.579625 3.1532275031 
.0300 * 
Error 39.21375 
Total 111.41975 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square= 1.4523611111 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 1.2363709574 
27 1. 4523611111 
39 
Rank TrU Mean n Non-significant ranges 
1 
2 
3 
4 
5 
3 
2 
1 
5 
4 
5.825 
5.8125 
5.4625 
4.5125 
3.75 
Duncan's Multiple Range Test 
Factor: endo 
8 a 
8 a 
8 a 
8 ab 
8 b 
Error mean square= 1.4523611111 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 0.7819496516 
Rank TrU 
1 
2 
2 
1 
Mean n Non-significant ranges 
5.775 20 a 
4.37 20 b 
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Table c12. Two-way analysis of variance for number of leaves 
at 6 weeks. 
TWO WAY ANOVA RANDOM::ED COMPLETE BLOCKS 
Using: A:\PLT2.DT 
Variable: #leaves 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 12.02275 
Main Effects 
en do 34.41025 
i sol 42.3785 
Interaction 
endo x isol 32.0585 
Error 135.32975 
Total 256.19975 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 5.012212963 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 1.4526341253 
3 4.0075833333 
1 34.41025 
4 10.594625 
4 8.014625 
27 5.012212963 
39 
Rank TrU Mean n Non-significant ranges 
1 
2 
2 
1 
8.28 20 a 
6.425 20 b 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square = 5.012212963 
Degrees of freedom = 27 
Significance level = .05 
LSD .05 = 2.2968162214 
Rank TrU Mean n Non-significant ranges 
1 3 8.6625 8 a 
2 1 8. 1625 8 ab 
3 2 7.5125 8 ab 
4 5 6.6 8 ab 
5 4 5.825 8 b 
0.7995636584 .5050 ns 
6.8652809157 .0143 * 
2.1137619407 . 1067 ns 
1.5990192474 .2033 ns 
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Table C13. One-way analysis of variance for number of leaves 
at 2 weeks sh2 endosperm type. 
ONE WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Using: A:\LEAF~2.DT 
Variable: sh-2 
Source SS df MS F p 
Blocks 0.4455 3 0.1485 0.398034398 .7569 ns 
Main Effects 
isol 
Error 
15.147 
4.477 
Total 20.0695 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square = 0.3730833333 
Degrees of freedom = 12 
Significance level = .05 
LSD .05 = 0.9410394934 
4 3.78675 10.14987715 .0008 *** 
12 0.3730833333 
19 
Rank TrU Mean n Non-significant ranges 
1 
2 
3 
4 
5 
2 
1 
3 
5 
4 
2.225 
2.075 
2.075 
0.9 
0 
4 a 
4 a 
4 a 
4 b 
4 b 
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Table C14. One-way analysis of variance for number of leaves 
at 4 weeks sh2 endosperm type. 
ONE WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Using: A:\LEAF#4.DT 
Variable: sh-2 
Source 
Blocks 
Main Effects 
isol 
Error 
Total 
Duncan's Multiple Range Test 
Factor: i so 1 
Error mean square = 2.33675 
Degrees of freedom = 12 
Significance level = .05 
LSD .05 = 2.355109215 
SS 
10.134 
40.807 
28.041 
78.982 
df 
3 
4 
12 
19 
MS F p 
3.378 1.4455975179 .2784 ns 
10.20175 4.3657858136 .0208 * 
2.33675 
Rank TrU Mean n Non-significant ranges 
1 
2 
3 
4 
5 
3 
2 
1 
5 
4 
5.75 
5.175 
5. 175 
4 
1. 75 
4 a 
4 a 
4 a 
4 ab 
4 b 
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Table ClS. One-way analysis of variance for number of leaves 
at 6 weeks sh2 endosperm type. 
ONE WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Using: A:\LEAF#6.DT 
Variable: sh-2 
Source SS df MS F p 
-----------------------------------~------------------------------------------
Blocks 
Main Effects 
isol 
Error 
Total 
12.482 
62.348 
106.248 
181.078 
Duncan's Multiple Range Test 
Factor: i so 1 
Error mean square = 8.854 
Degrees of freedom ~ 12 
Significance level = .05 
LSD .05 = 4.5843174639 
3 4.1606666667 0.4699194338 .7088 ns 
4 15.587 1.7604472555 .2016 ns 
12 8.854 
19 
Rank T rt# Mean n Non-significant ranges 
1 3 8.4 4 a 
2 2 7.45 4 ab 
3 1 7 4 ab 
4 5 5.95 4 ab 
5 4 3.25 4 b 
66 
Table Cl6. One-way analysis of variance for number of leaves 
at 2 weeks sul endosperm type. 
ONE WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Using: A:\LEAF#2.DT 
Variable: su 
Source SS df MS F p 
Blocks 0.5695 3 0.1898333333 0.4353143512 .7317 ns 
Main Effects 
isol 
Error 
10.167 
5.233 
Total 15.9695 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square = 0.4360833333 
Degrees of freedom = 12 
Significance level = .05 
LSD .05 = 1.0173951674 
4 2.54175 5.8285878081 .0076 ** 
12 0.4360833333 
19 
Rank Trt# Mean n Non-significant ranges 
1 
2 
3 
4 
5 
2 
3 
1 
4 
5 
2.925 
2.75 
2.675 
1. 35 
1. 325 
4 a 
4 a 
4 a 
4 b 
4 b 
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Table C17. One-way analysis of variance for number of leaves 
at 4 weeks su1 endosperm type. 
ONE WAY ANOVA RANDOMI:ED COMPLETE BLOCKS 
Using: A:\LEAF#4.DT 
Variable: su 
Source 
Blocks 
Main Effects 
isol 
Error 
Total 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square = 0.62525 
Degrees of freedom = 12 
Significance level = .05 
LSD .05 = 1.2182369737 
SS 
1. 032 
3. 753 
7.503 
12.288 
df 
3 
4 
12 
19 
MS F p 
0.344 0.550179928 .6576 ns 
0.93825 1.5005997601 .2632 ns 
0.62525 
Rank Trt# Mean n Non-significant ranges 
1 2 6.375 4 a 
2 3 5.9 4 ab 
3 1 5.75 4 ab 
4 4 5.75 4 ab 
5 5 5.025 4 b 
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Table C18. One-way analysis of variance for number of leaves 
at 6 weeks sul endosperm type. 
ONE WAY ANOVA RANDOMIZED COMP~ETE BLOCKS 
Using: A:\LEAF#6.DT 
Variable: su 
Source SS df MS F p 
Blocks 10.156 3 3.3853333333 2.0727588142 .1574 ns 
Main Effects 
isol 
Error 
Total 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square= 1.63325 
Degrees of freedom = 12 
Significance level = .05 
LSD .05 = 1.9689344577 
Rank Trt# 
1 
2 
3 
4 
5 
1 
3 
4 
2 
5 
Mean 
9.25 
8.925 
8.4 
7.575 
7.25 
11.717 
19.599 
41.472 
4 2.92925 1.793509873 .1950 ns 
12 1.63325 
19 
n Non-significant ranges 
4 a 
4 a 
4 a 
4 a 
4 a 
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Table C19. One-way analysis of variance for percent 
germination at 1s0c for sh2 endosperm type. 
ONE WAY ANOVA. RANDOM I.: EC COMPLETE BL..OCKS 
Using: A:\LAST2%.DT 
Variaoie: • &::. Iv 
Source 
Blocks 
Main Effects 
iscl 
Error 
Total 
sh 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square = 49.375 
Degrees of freedom = 12 
Significance level = .05 
LSD .05 = 10.825762132 
Rank Trt# Mean 
1 5 52.5 
2 2 33.75 
" 3 25 ,) 
4 1 23.75 
" 
4 10 v 
SS 
470 
3917.5 
592.5 
4980 
df MS F p 
3 156.66666667 3.1729957806 .0636 ns 
4 
12 
19 
979.375 19.835443038 .0000 *** 
49.375 
n Non-significant ranges 
4 a 
4 b 
4 b 
4 b 
4 c 
Table c20. One-way analysis of variance for percent 
germination at 1s0c for sul endosperm type. 
ONE WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Using: A:\LAST2%.DT 
Variable: 15 su 
Source SS df MS 
70 
F p 
Blocks 265 3 88.333333333 0.2998585573 .8249 ns 
Main Effects 
isol 
Error 
Total 
Duncan's Multiple Range Test 
Factor: isol 
4095 
3535 
7895 
Error mean square = 294.58333333 
Degrees of freedom = 12 
Significance level = .05 
LSD .05 = 26.442895707 
4 1023.75 3.4752475248 .0417 * 
12 294.58333333 
19 
Rank Trt# Mean n Non-significant ranges 
1 1 71. 25 4 a 
2 3 51.25 4 ab 
3 4 51.25 4 ab 
4 2 47.5 4 ab 
5 5 26.25 4 b 
Table C21. One-way analysis of variance for percent 
germination at 20°c for sh2 endosperm type. 
ONE WAY ANOVA RANDJMIZED COMPLETE BLOCKS 
Using: A:\LAST2%.DT 
Variable: 20 sh 
Source SS df MS 
71 
F p 
Blocks 33.75 3 11.25 0.2713567839 .8449 ns 
Main Effects 
isol 
Error 
2682.5 
497.5 
Total 3213.75 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square= 41.458333333 
Degrees of freedom = 12 
Significance level = .05 
LSD .05 = 9.9199811198 
4 670.625 16.175879397 .0001 *** 
12 41.458333333 
19 
Rank Trt# Mean n Non-significant ranges 
1 3 81.25 4 a 
2 5 73.75 4 ab 
3 2 66.25 4 be 
4 1 60 4 c 
5 4 47.5 4 d 
Table C22. One-way analysis of variance for percent 
germination at 20°c for sul endosperm type. 
ONE WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Using: A:\LAST2%.DT 
Variable: 20 su 
Source SS df MS 
72 
F p 
Blocks 45 3 15 0.7422680412 .5471 ns 
Main Effects 
isol 
Error 
Total 
Duncan's Multiple Range Test 
Factor: isol 
67.5 
242.5 
355 
Error mean square = 20.208333333 
Degrees of freedom = 12 
Significance level = .05 
LSD .05 = 6.9258036434 
4 16.875 0.8350515464 .5285 ns 
12 20.208333333 
19 
Rank TrU Mean n Non-significant ranges 
2 
3 
4 
5 
4 
2 
3 
5 
1 
98.75 
97.5 
97.5 
95 
93.75 
4 a 
4 a 
4 a 
4 a 
4 a 
Table C23. Two-way analysis of variance for percent 
germination using arcsin transformed data for 
isoline C68 at 1s0c. 
ONE WAY ANOVt RANDOMIZED COMPLETE BLOCKS 
Using: A:\LASTGARC.DT 
Variable: 15 68 
Source SS df MS F 
73 
p 
Blocks 24.7426 3 8.2475333333 0.1831753976 .9015 ns 
Main Effects 
en do 
Error 
Total 
1468.82 
135.076 
1628.6386 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 45.025333333 
Degrees of freedom = 3 
Significance level = .05 
LSD .05 = 15.099916837 
1 1468.82 32.622079422 .0106 * 
3 45.025333333 
7 
Rank TrU Mean n Non-significant ranges 
1 
2 
2 
1 
57.845 
30.745 
4 a 
4 b 
Table C24. Two-way analysis of variance for percent 
germination using arcsin transformed data for 
isoline Ia5125 at 1s0c. 
ONE WAY ANOV~ RANDOM~:~C COMPLETE B~OCKS 
Using: A:\LASTGARC.DT 
Variable: 15 5125 
Source SS df MS F 
74 
p 
------------------------------------------------------------------------------
Blocks 3.0911375 
Main Effects 
en do 132.2751125 
Error 134.8511375 
Total 270.2173875 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 44.950379167 
Degrees of freedom = 3 
Significance level = .05 
LSD .05 = 15.087343103 
3 1.0303791667 
1 132.2751125 
3 44.950379167 
7 
Rank Trt# Mean n Non-significant ranges 
1 
2 
2 
1 
43.55 
35.4175 
4 a 
4 a 
0.0229225912 .9943 ns 
2.9426918071 . 1848 ns 
Table C25. Two-way analysis of variance for percent 
germination using arcsin transformed data for 
isoline Ia453 at 1s0c. 
ONE WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Using: A:\LASTGARC.DT 
Variable: 15 453 
Source SS df MS 
75 
F p 
Blocks 319.1959375 3 106.39864583 6.352039452 .0816 ns 
Main Effects 
en do 
Error 
Total 
512.1600125 
50.2509375 
881.6068875 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 16.7503125 
Degrees of freedom = 3 
Significance level = .05 
LSD .05 = 9.209955758 
1 512.1600125 30.576146714 .0117 * 
3 16.7503125 
7 
Rank Trt# Mean n Non-significant ranges 
1 
2 
2 
1 
45.85 
29.8475 
4 a 
4 b 
Table C26. Two-way analysis of variance for percent 
germination using arcsin transformed data for 
isoline Il442a at 1s0c. 
ONE WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Using: A:\~ASTGARC.DT 
Variabie: 15 442 
Source SS df MS F 
76 
p 
Blocks 919.8346375 3 306.61154583 450.75847009 .0002 *** 
Main Effects 
en do 
Error 
Total 
1845.5850125 
2.0406375 
2767.4602875 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 0.6802125 
Degrees cf freedom = 3 
Significance level = .05 
LSD .05 = 1.8559590571 
1 1845.5850125 2713.2477167 .0000 *** 
3 0.6802125 
7 
Rank Trt# Mean n Non-significant ranges 
1 
2 
2 45. 7175 
15.34 
4 a 
4 b 
Table C27. Two-way analysis of variance for percent 
germination using arcsin transformed data for 
isoline Oh43 at 1s0c. 
ONE WAY ANOVA RANDOMiZED COMPLETE BLOCKS 
Using: A:\LASTGARC.DT 
Variable: 15 43 
Source SS df MS F 
77 
p 
------------------------------------------------------------------------------
Blocks 496.5816375 
Main Effects 
en do 749.4256125 
Error 665.4736375 
Total 1911.4808875 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 221.82454583 
Degrees of freedom = 3 
Significance level = .05 
LSD .05 = 33.515900125 
3 165.5272125 
1 749.4256125 
3 221.82454583 
7 
Rank TrU Mean n Non-significant ranges 
1 
2 
1 
2 
46.4575 
27. 1 
4 a 
4 a 
0.7462078278 .5922 ns 
3.3784611603 . 1634 ns 
Table C28. Two-way analysis of variance for percent 
germination using arcsin transformed data for 
isoline C68 at 20°c. 
ONE WAY ANOVA RANDOMIZED COMP~ETE BLOCKS 
Using: A:\LASTGARC.DT 
Variable: 20 68 
Source SS df MS F 
78 
p 
Blocks 103.04175 3 34.34725 0.5786698849 .6679 ns 
Main Effects 
en do 
Error 
Total 
1461.78245 
178. 06655 
1742.89075 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 59.355516667 
Degrees of freedom = 3 
Significance level = .05 
LSD .05 = 17.337107095 
1 1461.78245 24.627575196 .0157 * 
3 59.355516667 
7 
Rank Trt# Mean n Non-significant ranges 
1 
2 
2 
1 
77.82 
50.785 
4 a 
4 b 
Table C29. Two-way analysis of variance for percent 
germination using arcsin transformed data for 
isoline Ia5125 at 20°c. 
ONE WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Using: A:\LASTGARC.DT 
Variable: 20 5125 
Source SS df MS F 
79 
p 
Blocks 123.8629 3 41.287633333 0.7677568277 .5834 ns 
Main Effects 
en do 
Error 
Total 
1668.1088 
161.3309 
1953.3026 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 53.776966667 
Degrees of freedom = 3 
Significance level = .05 
LSD .05 = 16.50229088 
1 1668.1088 31.019019915 .0114 * 
3 53.776966667 
7 
Rank Trt# Mean n Non-5ignificant ranges 
1 
2 
2 
1 
83.54 
54.66 
4 a 
4 b 
Table C30. Two-way analysis of variance for percent 
germination using arcsin transformed data for 
isoline Ia453 at 20°c. 
ONE WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Using: A:\LASTGARC.DT 
Variable: 20 453 
Source SS df MS F 
80 
p 
Blocks 150.2221375 3 50.074045833 1.3010443088 .4169 ns 
Main Effects 
en do 
Error 
Total 
882.6301125 
115.4627375 
1148.3149875 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 38.487579167 
Degrees of freedom = 3 
Significance level = .05 
LSD .05 = 13.960673962 
1 882.6301125 22.932856044 .0173 * 
3 38.487579167 
7 
Rank TrU Mean n Non-significant ranges 
1 
2 
2 
1 
85.39 
64.3825 
4 a 
4 b 
Table C31. Two-way analysis of variance for percent 
germination using arcsin transformed data for 
isoline Il442a at 20°c. 
ONE WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Using: A:\LASTGARC.DT 
Variable: 20 442 
Source SS df 
Blocks 27.6016375 3 
Main Effects 
en do 3734.6403125 1 
Error 139.0366375 3 
MS F 
9.2005458333 0.1985206058 
3734.6403125 80.582507884 
46.345545833 
81 
p 
.8914 ns 
.0029 
** 
------------------------------------------------------------------------------
Total 3901.2785875 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 46.345545833 
Degrees of freedom = 3 
Significance level = .05 
LSD .05 = 15.319693898 
7 
Rank Trt# Mean n Non-significant ranges 
1 
2 
2 
1 
86.77 
43.5575 
4 a 
4 b 
Table C32. Two-way analysis of variance for percent 
germination using arcsin transformed data for 
isoline Oh43 at 20°c. 
ONE WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Using: A:\LASTGARC.DT 
Variable: 20 43 
Source SS df MS F 
82 
p 
Blocks 101.6559375 3 3~.8853125 1.1322916079 .4605 ns 
Main Effects 
en do 
Error 
Total 
778.7431125 
89.7789375 
970.1779875 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 29.9263125 
Degrees of freedom = 3 
Significance level = .05 
LSD .05 = 12.310414904 
1 778.7431125 26.022020337 .0146 * 
3 29.9263125 
7 
Rank Trt# Mean n Non-significant ranges 
1 
2 
2 
1 
78.93 
59.1975 
4 a 
4 b 
Table C33. Two-way analysis of variance for ion leakage at 
23°c for 5 isolines and 2 endosperm types (sh2 
and sul) . 
TWO WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\EC2.DT 
Variable: ec 
Source SS df MS F 
83 
p 
------------------------------------------------------------------------------
Main Effects 
endo 16974.4 
isol 53865.35 
Interaction 
endo x isol 33933.85 
Error 123062 
Total 227835.6 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 4102.0666667 
Degrees of freedom = 30 
Significance level = .05 
LSD .05 = 41.363286419 
1 16974.4 
4 13466.3375 
4 8483.4625 
30 4102.06C6667 
39 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 
2 
177 20 a 
135.8 20 a 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square = 4102.0666667 
Degrees of freedom = 30 
Significance level = .05 
LSD .05 = 65.401098297 
Rank Trt# Mean n Non-significant ranges 
4 201.875 8 a 
2 1 199 8 a 
3 5 135.75 8 ab 
4 3 131.375 8 ab 
5 2 114 8 b 
4. 1380117339 .0509 ns 
3.2828178073 .0240 
* 
2.0680947409 . 1099 ns 
Table C34. One-way analysis of variance for ion leakage at 
2J0c for isoline C68. 
~NE W!Y ANOVA COMPLET~~y RANDOMI2EJ 
Using: A:\EC21W.DT 
Va;-iatie: e: a 
Souri:e SS df MS F 
84 
p 
------------------------------------------------------------------------------
Main Effects 
endo 
Error 
Total 
36720.5 
36457.5 
73178 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 6076.25 
Degrees of freedom = 6 
Significance level = .05 
~SD .05 = 134.87179688 
1 
6 
7 
36720.5 6.043283275 .0492 * 
6076.25 
Rank TrU Mean n Non-significant ranges 
1 
2 
1 
2 
266.75 
131.25 
4 a 
4 b 
Table C35. One-way analysis of variance for ion leakage at 
23°c for isoline Ia5125. 
ONE WA\ ANOVA COMPLETELY RANDOM:ZED 
Using: ~:\EC21W.DT 
Varia!Jie: ec b 
Source SS df MS F 
85 
p 
Main Effe:ts 
en do 
Error 
2178 
13212 
1 
6 
2178 0.9891008174 .3584 ns 
2202 
Total 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 2202 
Degrees of freedom = 6 
Significance level = .05 
LSD .O~ = 81.191765257 
Rank Trt# Mean 
1 ~9:5 
15390 7 
n Non-significant ranges 
Table C36. One-way analysis of variance for ion leakage at 
23°c for isoline Ia453. 
ONE WAY ANOVA COMD_ETELY RANDO~:ZEG 
Using: A:\EC21W.DT 
Variable: ec c 
Source SS df MS F 
86 
p 
Main Effects 
en do 
Error 
861.125 
57864.75 
1 
6 
861.125 0.0892901119 .7752 ns 
9644.125 
Total 58725.875 7 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 9644.125 
Degrees of freedom = 6 
Significance level = .05 
LSD .05 = 169.91618238 
Rank Trt# 
1 
2 
1 
2 
Mean 
141. 75 
121 
n Non-significant ranges 
4 a 
4 a 
87 
Table C37. One-way analysis of variance 
23°c for isoline Il442a. 
for ion leakage at 
ONE WAY ANOVA COMPLETELY RANDOMIZ::D 
Using: A:\EC21W.DT 
Variable: ec d 
Source SS df MS F p 
------------------------------------------------------------------------------
Main Effects 
en do 
Error 
Total 
3828.125 
14218.75 
18046.8i5 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 2369.7916667 
Degrees of freedom = 6 
Significance level = .05 
LSD .05 = 84.22837277 
1 3828.125 1.6153846154 .2508 ns 
6 2369.7916667 
7 
Rank TrU Mean n Non-significant ranges 
2 
2 
1 
223.75 
180 
4 a 
4 a 
88 
Table C38. One-way analysis of variance for ion leakage at 
23°c for isoline Oh43. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\EC21W.DT 
Variable: ec e 
Source SS df MS F p 
Main Effects 
en do 7320.5 
1309 
1 7320.5 33.554621849 .0012 ** 
Error 
Total 
Duncan's Multiple Range Test 
Factor: endo 
8629.5 
Error mean square= 218.16666667 
Degrees of freedom = 6 
Significance level = .05 
LSD .05 = 25.556273346 
6 218.16666667 
7 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 
2 
166 
105.5 
4 a 
4 b 
Table C39. Two-way analysis of variance for total sugar 
leakage (content, mg sugar/single seed) for s 
isolines and 2 endosperm types (sh2 and sul). 
TWO WAY ANOVA COMPLETELY RANDOMI2ED 
Using: A:\ANTH2WCO.DT 
Variable: sugcontent 
Source SS 
Main Effects 
en do 7.02244 
isol 154.05566 
Interaction 
endo x isol 28.28146 
Error 84.92715 
Total 274.28671 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 2.830905 
Degrees of freedom = 30 
Significance level = .05 
LSD .05 = 1.0866165813 
df MS 
7.02244 
4 38.513915 
4 7.070365 
30 2.830905 
39 
Rank Trt# Mean n Non-significant ranges 
2 
1 
2 
2.6955 20 a 
1.8575 20 a 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square = 2.830905 
Degrees of freedom = 30 
Significance level = .05 
LSD .05 = 1.7180916701 
Rank TrU Mean n Non-significant ranges 
1 4 5.8525 8 a 
2 5 2.7875 8 b 
3 1 1. 28 8 be 
4 2 1. 2 8 be 
5 'J 0.2625 8 c .., 
F 
2.4806342848 
13.60480659 
2.4975635 
89 
p 
.1257 ns 
.0000 
*** 
.0637 ns 
Table C40. One-way analysis of variance for total sugar 
leakage (content) for isoline C68. 
ONE WAY ANOVA COMCLETELY RANDOMIZED 
Using: A:\ANTHC01W.DT 
Variable: 68 
Source SS df MS 
90 
F p 
Main Effe.:ts 
en do 
Error 
0.3042 
6.027 6 
0.3042 0.3028372325 .6020 ns 
1.0045 
Total 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 1.0045 
Degrees of freedom = 6 
Significance level = .05 
LSD .05 = 1.734116606 
Rank TrU 
1 
2 
1 
2 
Mean 
1. 475 
1. 085 
6.3312 7 
n Non-significant ranges 
4 a 
4 a 
Table C41. One-way analysis of variance for total sugar 
leakage (content) for isoline Ia5125. 
ONE WAY ANOVA COMPLETELY RANDOMIZ~D 
Using: A:\ANTHC01W.DT 
Variable: 5125 
Source SS df MS 
91 
F p 
Main Effects 
en do 7.80125 
10.34875 
1 7.80125 4.5230100254 .0776 ns 
Error 
Total 
Duncan's Multiple Range Test 
Factor: endo 
18. 15 
Error mean square= 1.7247916667 
Degrees of freedom = 6 
Significance level = .05 
LSD .05 = 2.2723312921 
6 1.7247916667 
7 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 
2 
2.1875 
0.2125 
4 a 
4 a 
Table C42. One-way analysis of variance for total sugar 
leakage (content) for isoline Ia453. 
ONE WAY ANOVA C8MPLETELY RANDOMIZED 
Using: A:\ANTHC01W.DT 
Variable: .i53 
Source SS df MS 
92 
F p 
Main Effects 
en do 0.26645 
0.9293 
1 0.26645 1.7203271279 .2376 ns 
Error 
Total 1.19575 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 0.1548833333 
Degrees of freedom = 6 
Significance level = .05 
LSD .05 = 0.6809350196 
6 0.1548833333 
7 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 
2 
0.445 
0.08 
4 a 
4 a 
Table C43. One-way analysis of variance for total sugar 
leakage (content) for isoline Il442a. 
ONE WAY ANOVA COMPLE-ELY RANDOMIZED 
Using: A:\ANTHC01W.DT 
Variable: 442 
Sour:::e SS df MS 
93 
F p 
Main Effects 
en do 6.1952 
63.940i5 
1 6.1952 0.581338192 .4747 ns 
Error 
Total 70.13595 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 10.656791667 
Degrees of freedom = 6 
Significance level = .05 
LSD .05 = 5.6482845091 
6 10.656791667 
7 
Rank Trt# Mean n Non-significant ranges 
2 
2 
1 
6.7325 
4.9725 
4 a 
4 a 
Table C44. One-way analysis of variance for total sugar 
leakage (content) for isoline Oh43. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\ANTHC01W.DT 
'/ariable: 43 
Sour:e SS df MS 
94 
F p 
Main Effects 
endo 20. 7368 
3.68135 
1 20.7368 33.797601423 .001~ ** 
Error 
Total 24.41815 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 0.6135583333 
Degrees of freedom = 6 
Significance level = .05 
LSD .05 = 1.3552869485 
6 0.6135583333 
7 
Rank Trt# Mean n Non-significant ranges 
2 2 
4.3975 
1.1775 
4 a 
4 b 
Table C45. Two-way analysis of variance for total sugar 
leakage (concentration, mg sugar/g seed) for 5 
isolines and 2 endosperm types (sh2 and sul) . 
TWO WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\ANTH2WMG.DT 
Variable: mg sug/g seed 
Source SS 
Main Effects 
en do 3741.90336 
isol 11998.567425 
I nte re.ct ion 
endo x isol 1694. 778165 
Error 6057.44805 
Total 23492. 697 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 201.914935 
Degrees of freedom = 30 
Significance level = .05 
LSD .05 = 9.1769402041 
df MS 
1 37 41. 90336 
4 2999.6418562 
4 423.69454125 
30 201.914935 
39 
Rank Trt# Mean n Non-significant ranges 
2 
1 
2 
31.272 20 a 
11.928 20 b 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square= 201.914935 
Degrees of freedom = 30 
Significance level = .05 
LSD .05 = 14.510016498 
Rank TrU 
1 
2 
3 
4 
5 
4 
5 
1 
2 
3 
Mean 
51.9125 
28.745 
12.7175 
11. 93625 
2.68875 
n Non-significant ranges 
8 a 
8 b 
8 c 
8 c 
8 c 
F 
18.532078174 
14.855968214 
2.0983813864 
95 
p 
.0002 
*** 
.0000 
*** 
. 1058 ns 
Table C46. One-way analysis of variance for total sugar 
leakage (concentration) for isoline C68. 
ONE WAY ANOVA COMPLETELY RANDOMIZ~D 
Using: A:\ANTHMG1W.DT 
Variable: 68 
Source SS df MS 
96 
F p 
Main Effects 
en do 204.62645 
535.0177 
1 204.62645 2.2948001533 .1806 ns 
Error 
Total 739.64415 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 89.169616667 
Degrees of freedom = 6 
Significance level = .05 
LSD .05 = 16.338484723 
6 89.169616667 . 
7 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 
2 
17. 775 
7.6€ 
4 a 
4 a 
Table C47. One-way analysis of variance for total sugar 
leakage (concentration) for isoline Ia5125. 
ONE WAY AN~VA COMPLETELY RANDOMI:ED 
Using: A:\ANTHMG1~.DT 
Variable: 5125 
Source SS df MS 
97 
F p 
Main Effects 
en do 
Error 
929.8828125 
1090.812975 
1 929.8828125 5.1148061151 .0644 ns 
6 181.8021625 
Total 2020.6957875 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 181.8021625 
Degrees of freedom = 6 
Significance level = .05 
LSD .05 = 23.329361293 
7 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 
2 
22.7175 
1 . 155 
4 a 
4 a 
Table C48. One-way analysis of variance for total sugar 
leakage (concentration) for isoline Ia453. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Us1ng: A:\ANTHMG1W.DT 
Va'.'"ic.ble: 453 
Source SS df MS 
98 
F p 
Main Effects 
en do 36.9370125 
107.817875 
1 36.9370125 2.0555225653 .2016 ns 
Error 
Total 144.7548875 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 17.969645833 
Degrees of freedom = 6 
Significance level = .05 
LSD .05 = 7.3345434443 
6 17.969645833 
7 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 
2 
4.8375 
0.54 
4 a 
4 a 
Table C49. One-way analysis of variance for total sugar 
leakage (concentration) for isoline Il442a. 
ONE WAY ANOVA COMP~ETELY RANDOMIZED 
Using: A:\ANTHMG1W.DT 
Variable: 442 
Source SS df MS 
99 
F p 
Main Effects 
en do 
Error 
675.6488 
4008.63015 
1 
6 
675.6488 1.0112913011 .3534 ns 
668.105025 
Total 4684.27895 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 668.105025 
Degrees of freedom = 6 
Significance level = .05 
LSD .05 = 44.722461169 
7 
Rank TrU Mean n Non-significant ranges 
2 
1 
2 
61.1025 
42.7225 
4 a 
4 a 
Table CSO. One-way analysis of variance for total sugar 
leakage (concentration) for isoline Oh43. 
ONE WAY ANOVA COMPLETELY RANDOMI:ED 
Using: A:\ANTHMG1W.DT 
Variable: 43 
Source SS df MS 
100 
F p 
Main Effects 
en do 
Error 
3589.58645 
315.16935 
1 
6 
3589.5S645 68.336336322 .0002 *** 
52.528225 
Total 3904.7558 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 52.528225 
Degrees of freedom = 6 
Significance level = .05 
LSD .05 = 12.540062163 
7 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 
2 
49.9275 
7.5625 
4 a 
4 b 
L 
101 
Table CSl. One-Yay analysis of variance for sucrose leakage 
(content, mg sugar/single seed) for 5 isolines. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23H.DT 
Variable: sucrosesh 
Source SS df MS F p 
Main Effects 
isol 0.0263626 
0.0020850472 
4 0.00659065 31.609116909 .0000 *** 
Error 
Total 0.0284476472 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square = 2.085047E-04 
Degrees of freedom = 10 
Significance level = .05 
LSD .05 = 0.0262696669 
10 2.085047E-04 
14 
Rank TrU Mean n Non-significant ranges 
1 
2 
3 
4 
5 
4 0.1002856667 
5 0.0819026667 
1 0.025534 
3 0 
2 0 
3 a 
3 a 
3 b 
3 b 
3 b 
102 
Table C52. One-way analysis of variance for fructose leakage 
(content, mg sugar/single seed) for 5 isolines. 
ON: WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23H.DT 
Variable: fructosesh 
Source SS df MS F p 
Main Effects 
isol 
Error 
0.1257183804 
0.0061460598 
4 0.0314295951 51.13779574 .0000 *** 
10 6.14606E-04 
Total 0.1318644402 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square= 6.14606E-04 
Degrees of freedom = 10 
Significance level = .05 
LSD .05 = 0.0451019182 
14 
Rank Trt# Mean n Non-significant ranges 
----~----i------s:~6gji9----~--~-----------------------------------------------
3 2 0.0523939 3 b 
4 3 0.0241553333 3 be 
5 1 0.0030553333 3 c 
103 
Table C53. One-way analysis of variance for glucose leakage 
(content, mg sugar/single seed) for 5 isolines. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23H.DT 
Variable: glucosesh 
Source SS df MS ,.. r p 
Main Effects 
isol 
Error 
0.0356596106 
0.0088353492 
4 0.0089149026 10.090039982 .0015 ** 
10 8.835349E-04 
Total 0.0444949597 
Duncan's Multiple Range Test 
Factor: isol 
Error mean square = 8.835349E-04 
Degrees of freedom = 10 
Significance level = .05 
LSD .05 = 0.0540764883 
14 
Rank Trt# Mean n Non-significant ranges 
1 
2 
3 
4 
5 
5 0.1254320033 
4 0.0473481067 
1 0.00174102 
2 0 
3 0 
3 a 
3 b 
3 b 
3 b 
b 
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Table C54. One-way analysis of variance for sucrose leakage 
(content) for isoline C68. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23J.DT 
Variable: sucrose68 
Source SS 
Main Effects 
df MS F p 
en do 9. 7i9777E-04 
8.320009E-05 
1 9.779777E-04 47.018107167 .0024 ** 
4 2.080002E-05 
Total 0.0010611778 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 2.080002E-05 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.0103389248 
5 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 
2 
0.025534 
0 
3 a 
3 b 
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Table css. One-way analysis of variance for fructose leakage 
(content) for isoline C68. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23J.DT 
Variaole: fructose68 
Source SS df MS F p 
Main Effects 
en do 
Error 
1. 409563E-05 
7.967922E-05 
1 1.409563E-05 0.707618854 .4476 ns 
4 1.99198E-05 
Total 9.377484E-05 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 1.99198E-05 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.0101177977 
5 
Rank TrU Mean n Non-significant ranges 
1 
2 
2 0.006121 
1 0.0030555333 
3 a 
3 a 
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Table C56. One-way analysis of variance for glucose leakage 
(content) for isoline C68. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23J.DT 
Variable: glucose68 
Source SS df MS F p 
Main Effects 
en do 4.546726E-06 
1.81869E-05 
1 4.546726E-06 
4 4.546726E-06 
1 .3739 ns 
Error 
Total 2.273363E-05 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 4.546726E-06 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.0048338465 
5 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 
2 
0.00174102 
0 
3 a 
3 a 
L 
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Table CS7. One-way analysis of variance for sucrose leakage 
(content) for isoline Ia5125. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23K.DT 
Variable: sucrose5125 
Source 
Main Effects 
en do 
Error 
Total 
Duncan's Multiple Range Test 
SS 
0 
0 
0 
df 
1 
4 
5 
ERROR - Mean Square Error zero or unknown. 
MS 
0 
0 
F p 
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Table C58. One-way analysis of variance for fructose leakage 
(content) for isoline Ia5125. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Usi:g: A:\MAR23K.DT 
Va:~able: fructose5125 
SS df MS F p 
------------------------------------------------------------------------------
Main Effects 
er.do 
Error 
Total 
0.003057996 
2.237864E-04 
0. 0032817824 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 5.59466E-05 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.0169562699 
1 0.003057996 54.659189661 .0018 ** 
4 5.59466E-05 
5 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 0.0523939 
2 0.0072423333 
3 a 
3 b 
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Table C59. One-way analysis of variance for glucose leakage 
(content) for isoline Ia5125. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23K.DT 
Variable: glucose5125 
Source 
Main Effects 
en do 
Error 
Total 
Duncan's Multiple Range Test 
SS 
0 
0 
0 
df 
1 
4 
5 
ERROR - Mean Square Error zero or unknown. 
MS 
0 
0 
F p 
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Table C60. One-way analysis of variance for sucrose leakage 
(content) for isoline Ia453. 
ONE WAY ANOVA COMPL~TELY RANDOMIZED 
Using: A:\MAR23L.DT 
Variable: sucrose453 
Source 
Main Effects 
en do 
Error 
Total 
Duncan's Multiple Range Test 
SS 
0 
0 
0 
df 
1 
4 
5 
ERROR - Mean Square Error zero or unknown. 
MS 
0 
0 
F p 
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Table C61. One-way analysis of variance for fructose leakage 
(content) for isoline Ia453. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23L.DT 
Variable: fructose453 
Source SS df MS F p 
Main Effects 
en do 
Error 
8.752202E-04 
9.489829E-04 
1 8.752202E-04 3.6890874985 .1272 ns 
4 2.372457E-04 
Total 0.001824203 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 2.372457E-04 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.0349174603 
5 
Rank Trt# Mean n Non-significant ranges 
1 
2 
0.0241553333 
2 0 
3 a 
3 a 
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Table C62. One-way analysis of variance for glucose leakage 
(content) for isoline Ia453. 
ONE WAY ANOVA 80MPLETELY RANDOMIZED 
Using: A:\MAR23L.DT 
Variable: glucose453 
Source 
Main Effects 
endo 
Error 
Total 
Duncan's Multiple Range Test 
SS 
0 
0 
0 
df 
1 
4 
5 
ERROR - Mean Square Error zero or unknown. 
MS 
0 
0 
F p 
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Table C63. One-way analysis of variance for sucrose leakage 
(content) for isoline Il442a. 
ONE WAY ANOVA COMPLETELY RANDOM:ZED 
Using: A:\MAR23M.DT 
Variable: sucrose442 
Source SS df MS F p 
Main Effects 
en do 
Error 
0.0043829686 
0.0015172267 
1 0.0043829686 11.555210849 .0273 * 
4 3.793067E-04 
Total 0.0059001953 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 3.793067E-04 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.0441508129 
5 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 0.1002856667 
2 0.0462303333 
3 a 
3 b 
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Table C64. One-way analysis of variance for fructose leakage 
(content) for isoline Il442a. 
ONE ViA 'r' ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23M.DT 
Variable: fructose442 
Source SS df MS F p 
Main Effects 
en do 
Error 
0.0222691842 
0.0032158259 
1 0.0222691842 27.699490087 .0062 ** 
4 8.039565E-04 
Total 0.0254850101 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 8.039565E-04 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.0642776112 
5 
Rank TrU Mean n Non-significant ranges 
1 
2 
1 0.205747 
2 0.0839023333 
3 a 
3 b 
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Table C65. One-way analysis of variance for glucose leakage 
(content) for isoline Il442a. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23M.DT 
Variable: glucose442 
Source SS df MS F p 
Main Effects 
en do 
Error 
4.371081E-04 
0.008040158 
1 4.371081E-04 0.2174624303 .6652 ns 
4 0.0020100395 
Total 0.0084772661 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 0.0020100395 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.1016355774 
5 
Rank TrU Mean n Non-significant ranges 
1 
2 
2 0.0644187067 
1 0.0473481067 
3 a 
3 a 
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Table C66. One-way analysis of variance for sucrose leakage 
(content) for isoline Oh43. 
ONE WAY ANOVA COMP~=TELY RANDOMIZED 
Using: A:\MAR23N.DT 
Variable: sucrose43 
Source SS df MS F p 
Main Effects 
en do 
Error 
0.0067511325 
0.0012542078 
1 0.0067511325 21.531144596 .0097 ** 
4 3.13552E-04 
Total 0.0080053404 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 3.13552E-04 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.0401419273 
5 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 0.0819026667 
2 0.014815 
3 a 
3 b 
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Table C67. One-way analysis of variance for fructose leakage 
(content) for isoline Oh43. 
ONE WAY ANOVA COMPLETE~Y RANDOMIZED 
Using: A:\MAR23N.DT 
Variaole: fructose43 
Source c: c: ..,.., df MS F p 
Mc.in E-:=fects 
endc 
Error 
0.045778388 
0.0029360932 
1 0.045778388 62.366396747 .0014 ** 
4 7.340233E-04 
Total 0.0487144812 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 7.340233E-04 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.0614183837 
5 
Rank Trt# Mean n Non-significant ranges 
2 
1 0.215355 
2 0.0406583333 
3 a 
3 b 
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Table C68. One-way analysis of variance for glucose leakage 
(content) for isoline Oh43. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23N.DT 
Variable: glucose43 
Source SS df MS F p 
Main Effects 
endo 0.0120887316 
0.0032220916 
1 0.0~20887316 
4 8.055229E-04 
15.0073097 .0179 * 
Error 
Total 0.0153108232 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 8.055229E-04 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.0643402001 
5 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 0.1254320033 
2 0.03565921 
3 a 
3 b 
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Table C69. One-way analysis of variance for sucrose leakage 
(concentration, mg sugar/g dry seed) for 5 
isolines. 
QNE 'llAY ANO'IA COMPLETELY RANDOMIZED 
Using: A:\HPLC1S1W.DT 
variable: su 
Source SS 
Main Effects 
ISOL 
Error 
3.0214242832 
0.4809729604 
Total 3.5023972436 
Duncan's Multiple Range Test 
Factor: ISOL 
Error mean square = 0.048097296 
Degrees of freedom = 10 
Significance level = .05 
LSD .05 : 0.398985353 
df MS F p 
4 0.7553560708 15. 704751266 .0003 zzz 
10 0.048097296 
14 
Rank T ru Mean n Non-significant ranges 
4 1.15576 
2 
3 
4 
5 
5 0.3703766667 
3 a 
3 b 
3 b 
3 b 
3 b 
3 0 
0 
2 0 
:JNE WAY ANOVA COMPL8ELY RANDOMI:ED 
Using: A:\HPLC1S1W.DT 
Variable: SH-2 
Source SS 
Main Effects 
!SOL 
Error 
16.476634791 
1.3031393671 
Total 17. 779774158 
Duncan's Multiple Range Test 
Factor: ISOL 
Error mean square= 0.1303139367 
Degrees of freedom = 10 
S1gnificance level = .05 
LSD .05 = 0.6567378613 
Rank Trt# Mean 
4 2.5071396657 3 a 
~ 2.04757 3 a 
0.639347 3 
4 3 0 3 
5 2 0 3 
::l 
::l 
b 
df MS F p 
4 4. 1191586976 31.609502419 .0000 zzz 
10 0.1303139367 
14 
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Table C70. One-way analysis of variance for fructose leakage 
(concentration, mg sugar/g dry seed) for 5 
isolines. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\HPLC1F1W.DT 
Variable: SU 
Source SS 
Main Effects 
ISOL 
Error 
9.3337593422 
0.7864210319 
Total 10.120190374 
Duncan's Multiple Range Test 
Factor: ISOL 
Error mean sQuare = 0.0786421032 
Degrees of freedom = 10 
Significance level = .05 
LSD .05 : 0.5101808838 
MS F p 
4 2.3334423356 29.671667476 .0000 *** 
10 0.0786421032 
Rank Trtll Mean n Non-significant ranges 
4 2.097555 3 a 
~ 5 1.0164673667 3 b .. 
3 2 0.1810573333 3 c 
4 1 0.1530246667 3 c 
5 3 0 ~ c 
ONE WAY ANOVA CQMPLETELY RANDOMIZED 
Using: A:\HPLC1F1W.DT 
Variable: SH-2 
Source SS 
Main Effects 
ISOL 
Error 
78.56466e353 
3. 8396955176 
Total 82.404363871 
Duncan's Multiple Range Test 
Factor: ISOL 
Error mean souare = 0.3839695513 
Degrees of freedom = 10 
S1gn1fic3.nce level = .05 
LSD .85: ~.1273142981 
df MS 
4 19.641167083 51.152S2865S .0000 xx* 
10 0.3839695518 
14 
Rank T rtll Mean n Non-s1gnif1cant rarges 
5 . 38387:6567 3. 
4 . ~436743333 a 
~ 
.3111426667 ~ 
-
~ 
.: 3 0.603886 be 
5 1 0.076381 c 
I 
L_ 
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Table C71. One-~ay analysis of variance for glucose leakage 
(concentation, mg sugar/g dry seed) for 5 
isoline. 
ONE WA.Y ANOVA C:JMPLETELY RANDOMIZED 
Using: A:\HPLC1G1W.DT 
Variable: SU 
Source SS 
Main Effects 
!SOL 
Error 
6.3591523043 
1.5715771162 
Total 7.9307294206 
Duncan's Multiple Range Test 
Factor: !SOL 
Error mean square= 0.1571577116 
Degrees of freedom = 10 
Significance level = .05 
LSD .05 = 0.7212145341 
df MS p 
4 1.5897880761 10.115876973 .0015 ** 
10 0.1571577116 
14 
Rank Trtll Mean n Non-significant ranges 
4 1.6104677167 3 a 
" 5 0.8696725133 3 b 
" 3 3 0 3 c 
4 1 o 3 c 
5 2 o 3 c 
ONE WAY ANCVA COMPLETELY RANDOMIZED 
Using: A:\HPLC1G1W.DT 
Variable: SH-2 
Source SS df MS F ? 
------------------------------------------------------~---------------------
Main Effects 
!SOL 
Error 
21. 777366993 
5.5847301694 
4 5.4443417484 9.7486209418 .0018 ** 
10 0.5584730169 
------------------------------------------------------------------------------
Total 27.362097163 
Duncan's t~ultiple Range Test 
Factor: ISOL 
Error mean square = 0.5584730169 
Degrees cf freedom = 10 
Significance level = .05 
LSD .05 = 1.359557936 
14 
Rank Trt# Mean n Non-significan~ ranges 
-------------------------------------------------------------------------------
2 
3 
4 
5 
5 3.1353001533 
4 1. 1837026833 
3 0.1021739467 
0.0435255057 
2 0 
3 a 
3 b 
3 b 
3 b 
3 b 
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Table C72. One-way analysis of variance for sucrose leakage 
(concentration) for isoline C68. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23C.DT 
Variabie: sucrose68 
Source SS 
Main Effects 
df MS p 
en do 
Error 
0.6112303386 
0.0520056575 
o.:~12303386 47.01260349 .0024 ~* 
4 0.0130014144 
Total 0.6632359961 
Duncan's Multiple Range Test 
Fa:tor: endo 
Error mean square = 0.0130014144 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.258487033 
5 
Rank TrU Mean n Non-significant ranges 
1 
2 
1 
2 
0.638347 
0 
3 a 
3 b 
Table C73. one-way analysis of 
(concentration) for 
ONE w' \/ r< . ANOVt.. CJMP'...ETELY RANDOMIZED 
Us ins: A:\MAR23C.DT 
Variac:ie: f ructose68 
Source ~ .... .....,,;) 
Main Effects 
en do 
Error 
0.0088113775 
0.0497945445 
Total 0.058605922 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 0.0~24486361 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.2529323319 
123 
variance for fructose leakage 
isoline C68. 
df MS F p 
0.0088113775 0.7078187015 .4475 ns 
4 0.0124486361 
5 
Rank Trt# Mean n Non-significant ranges 
1 
2 
2 0.1530246667 
1 0.076381 
3 a 
3 a 
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Table C74. One-way analysis of variance for glucose leakage 
(concentration) for isoline C68. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23C.DT 
Variab~e: glucose68 
Source SS df MS F p 
Main Effects 
en do 0.0028417046 
0.01D668184 
1 0.0028417046 
4 0. 0028417046 
1 .3739 ns 
Erro; 
Total 0.014208523 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 0.0028417046 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.1208461799 
5 
Rank Trt# Mean n Non-significant ranges 
2 
1 0.0435255067 
2 0 
3 a 
3 a 
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Table C75. One-way analysis of variance for sucrose leakage 
(concentration) for isoline Ia5125. 
ONE WAY ANOVA CJMPLETELY RANDOMIZED 
Using: A:\MAR230.DT 
Var1ab1e: sucrose5125 
Scurce 
Main Effects 
en do 
Error 
Totai 
Duncan's Mu1tiple Range Test 
SS 
0 
c 
0 
df 
1 
4 
5 
ERROR - Mean Square Error zero or unknown. 
MS 
0 
0 
p 
126 
Table C76. One-way analysis of variance for fructose leakage 
(concentration) for isoline Ia5125. 
ONE WA\. ANOVA COMPi...ETELY RANDOMIZED 
Using: A:\MAR23D.DT 
Var~abie: fructose5125 
Source SS df MS F p 
Main Effects 
en do 
Error 
1.9112288492 
0.1398610169 
1 1.9112288492 oL.660802336 .0018 ** 
4 0.0349652542 
Total 2.0510898661 
Duncan's Mult{ple Range Test 
Factor: endo 
Error mean square = 0.0349652542 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.4238984287 
5 
Rank TrU Mean n Non-significant ranges 
1 
2 
1 1.309841 
2 0.1810573333 
3 a 
3 b 
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Table C77. One-way analysis of variance for glucose leakage 
(concentration) for isoline Ia5125. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Usir5: A:\MAR23D.DT 
Variacle: glucose5125 
Sour:e 
Main Effects 
end~ 
Error 
Total 
Duncan's Multiple Range Test 
SS 
0 
0 
0 
df 
1 
4 
5 
ERROR - Mean Square Error zero or unknown. 
MS 
0 
0 
F p 
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Table C78. One-way analysis of variance for sucrose leakage 
(concentration) for isoline Ia453. 
ONE WAY ANJVA COMPLETELY RANDOMIZED 
Usins: A:\MAR23E.DT 
Variable: sucrose453 
Source 
Main Effe:~s 
en do 
Error 
Total 
Duncan's M~1tiple Range Test 
SS 
0 
0 
0 
df 
1 
4 
5 
ERROR - Mean Square Error zero or unknown. 
MS 
0 
0 
F p 
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Table C79. One-way analysis of variance for fructose leakage 
(concentration) for isoline Ia453. 
ONE WAY ANOVA COMPL~7~LV RANDOMIZED 
Using: A:\MAR23E.DT 
Variable: fructose453 
Source SS ,,j -uT MS F p 
Main Effects 
en do 
Error 
0.5470174515 
0.5931203274 
1 0.5470174515 3.6890824763 .1272 ns 
4 0.1482800818 
Total 1. 1401377788 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 0.1482800818 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.8729409566 
5 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 
2 
0.603886 
0 
3 a 
3 a 
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Table cso. One-way analysis of variance for glucose leakage 
(concentration) for isoline Ia453. 
ONE WAY ANOVA COMPLETELY RANOOMIZ~D 
Usins: A:\MAR23E.DT 
Variable: glucose453 
Source SS df MS F p 
Main Effects 
en do 0.0156592731 
0.0626370923 
1 O.Oi::i6592731 
4 0.0156592731 
1 .3739 ns 
Error 
Total 0.0782963653 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 0.0156592731 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 0.2836803541 
5 
Rank TrU Mean n Non-significant ranges 
1 
2 
0.1021739467 
2 0 
3 a 
3 a 
Table CSl. One-way analysis of variance for sucrose 
leakage (concentration) for isoline Il442a. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23F.DT 
Variable: sucrose442 
Source SS df MS ... r 
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p 
Main Effec-:s 
en do 
Error 
2.7393405052 
0.9482510835 
1 2.7393405052 11.555338255 .0273 * 
4 0.2370627709 
Total 3.6875915887 
Duncan's Multiple Range Test 
Fa:tor: endo 
Error mean square = 0.2370627709 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 1.1037612416 
5 
Rank TrU Mean n Non-significant ranges 
1 
2 
2.5071396667 
2 1.15576 
3 a 
3 b 
Table C82. One-way analysis of variance for fructose 
leakage (concentration) for isoline Il442a. 
ONE WAY ANOVA COMP~~TELY RANDOMIZED 
Using: A:\MAR23F.DT 
Variable: ~ructose442 
Source SS jf MS 
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p 
Main Effects 
en do 
Error 
13.918264489 
2.0098334094 
1 13.918264489 27.700334614 .0062 ** 
4 0.5024583523 
Total 15.928097899 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 0.5024583523 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 1.6069171898 
5 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 5.1436743333 
2 2.097555 
3 a 
3 b 
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Table C83. One-way analysis of variance for glucose leakage 
(concentration) for isoline Il442a. 
ONE WAY ANOVA COMPLETELY RANDOMIZED 
Using: A:\MAR23F.DT 
Variable: glucose442 
Source SS MS p 
Main Effects 
en do 
Error 
0.2731925905 
5.025098726 
1 0.2731925905 0.2174624662 .66S2 ns 
4 1.2562746815 
Total S.2982913166 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 1.2S6274681S 
Degrees of freedom = 4 
Significance level = .OS 
LSD .OS= 2.5408894224 
5 
Rank Trt# Mean n Non-significant ranges 
1 
2 
2 1.6104677167 
1 1.1837026833 
3 a 
3 a 
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Table C84. One-way analysis of variance for sucrose leakage 
(concentration) for isoline Oh43. 
ONE WAY ANOVA COMPLETELY RANDOMIZ~D 
Using: A:\MAR23G.DT 
Variable: sucrose43 
Source SS df MS F p 
Ma~n Effects 
en do 
Er:or 
.!.2194662161 
0.7838555865 
1 4.2194662161 21.531855046 .0097 ** 
4 0.1959638966 
Tota 1 5.0033218025 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square= 0.1959638966 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 1.0035326224 
5 
Rank Trt# Mean n Non-significant ranges 
1 
2 
1 2.04757 
2 0.3703766667 
3 a 
3 b 
135 
Table CSS. One-way analysis of variance for fructose leakage 
(concentration) for isoline Oh43. 
ONE WAY A~JVA COMPLETELY RANDOMIZED 
Using: A:\MAR23G.DT 
Variable: :ructose43 
Source SS df MS F p 
------------------------------------------------------------------------------
Main Effe:ts 
en do 
Error 
Total 
28.611344018 
1.8350458103 
30.446389829 
Duncan's Multiple Range Test 
Factor: e;,do 
Error mean square = 0.4587614526 
Degrees of freedom = 4 
Significan:e level = .05 
LSD .05 = 1.5354543928 
1 28.611344018 62.366495393 .0014 ** 
4 0.4587614526 
5 
Rank Tr:l= Mean n Non-significant ranges 
1 
2 
5.3838726667 
2 1.0164673333 
3 a 
3 b 
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Table C86. One-way analysis of variance for glucose leakage 
(concentration) for isoline Oh43. 
ONE WAY ANOVA COMPLETELY RANDOM::ED 
Using: A:\MAR23G.DT 
Variable: glucose43 
Source SS df MS F p 
Main Effects 
en do 
Error 
7.5554582589 
2.0138072084 
1 7.5554582589 15.007311976 .0179 * 
4 0.5034518021 
Total 9.5692654673 
Duncan's Multiple Range Test 
Factor: endo 
Error mean square = 0.5034518021 
Degrees of freedom = 4 
Significance level = .05 
LSD .05 = 1.6085049863 
5 
Rank TrU Mean n Non-significant ranges 
1 
2 
1 3.1358001533 
2 0.8914801733 
3 a 
3 b 
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